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A New Milestone in High Resolution Spectroscopy 


60 MEGACYCLE NMR 


Imagine a High Resolution NMR Spectrometer operating 

above 14,000 gauss without sacrifice of field uniformity! 

A breakthrough in Varian's research and development lab- 

oratories did the trick. This seemingly unattainable field for 

proton studies is more than twice the strength announced 

elsewhere, and even exceeds Varian's previous standard 

by one-and-one-half times. 

Why does the chemist seek the highest feasible magnetic 

field strength? Because: 

(a) NMR chemical shifts increase linearly with Ho, 

(b) signal voltages go up as Hi, 

(c) confusing second-order splittings decrease as 1/Ho, 
thereby concentrating precious spectral intensity in the 
minimum number of meaningful peaks. 
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Nuclear Magnetic Resonance 


Thus, with the field frontier rolled back, the chemist can 
study smaller quantities and more complex compounds. 
In addition, the new electromagnet is designed for high- 
homogeneity operation at all fields up to the 14,100 gauss 
maximum. Advantages: ready adaptability to studies of 
spectral field-dependence and to nuclei other than protons. 


The new 60 mc. Spectrometer incorporates r-f circuit refine- 
ments which further enhance stability and sensitivity. In 
keeping with Varian's long-standing policy of reasonable 
compatibility, existing NMR Spectrometers can be convert- 
ed to 60 mc. operation with simultaneous retention of their 
present capabilities. 


(Note: This announcement has replaced our regular NMR and EPR-at- 
work Series in this one issue. The series will resume hereafter.) 
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Write today for full information on the 

new 60-megacycle Varian NMR Spectrometer, 
available both as a straight High Resolution 
instrument, and as a Dual Purpose unit. 








INTERPRETATION: The NMR spectra of the & and ¥ protons in 
pyridine are shown at both 40 and 60 mc. aboye. The most strik- 
ing feature of the comparison is the clear separation at 60 fne. 
of the two proton types, the group of lines at the left being due 
to the ¥ proton and those at the right arising from the B protons. 
The 40 mc. spectrum is hopelessly run together and suffers from 
severe distortion of intensities and line positions from those pre- 
dicted by a simple first-order treatment. At still lower radio fre- 
quencies the pattern would degenerate to a meaningless jumble 
of lines. 
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INTRODUCTION 
* GENERAL CONCEPTS 


Protoplasm—Cells and Tissues—Cell Physi- 
ology—General Physiology—Reproduction. 


THE ANIMAL KINGDOM 


The Principles of Taxonomy—The Phylum 
Protozoa—Porifera—Coelenterata and Cten- 
ophora — Platyhelminthes — Aschelminthes 
and Nemertea—Introduction to Higher In- 
vertebrates — Mollusca — Annelida— Arthro- 
poda—Physiology and Behavior of Arthro- 
poda—Minor Phyla—The Hemichordata and 
Echinodermata—The Chordates. 


VERTEBRATE LIFE AND 

ORGANIZATION 
The Frog—History of Vertebrates: Fishes, 
Amphibians and Reptiles, Birds and Mam- 
mals—Protection, Support and Movement— 
Digestion and Respiration—Blood and Cir- 
culation—Urogenital System—Sense Organs 
and Nervous Co-ordination—Development 
of Mammals—Endocrine Glands. 





Villee, Walker and Smith - 
GENERAL ZOOLOGY 


Here is a well written and superbly illustrated mew text designed to give 
the student a fuller understanding of modern zoology. This unique text 
sustains student interest in the subject from beginning to end. 


The authors include the very latest classifications of the invertebrates, 
newest concepts and thinking in Taxonomy, plus a logical arrangement of 
material which familiarizes students with the various organisms and ani- 
mals before proceeding to Ecology. Here you will find new color injected 
into the classic survey of the vertebrate and invertebrate forms. Inverte- 
brates are covered phylum by phylum; while the evolutionary develop- 
ment of vertebrates is lucidly traced. A detailed chapter on the frog as a 
typical vertebrate helps clarify difficult and important points for the 
student. Comparative morphology and function of the organ systems is 


instructively handled in a special section. 
GENETICS AND EVOLUTION 
THE INTERRELATIONSHIPS OF 
ORGANISMS 


Ecology—The Adaptation of Animals to the 
Environment—Parasitism—Conservation. 


By Craupe A. Vitter, Harvard University; Warren F. Wacker, Jr., Oberlin College; and 
Freperick E. SmitH, University of Michigan. About 961 pages, 6” x 914”, with 449 illustrations. 
New—Ready in March! 
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Fisher and Kitzmiller - LABORATORY 
EXERCISES IN GENERAL ZOOLOGY 


This mew manual gives the student a firm basis for laboratory work in 
zoology. Though designed to closely follow Villee-Walker-Smith’s General 
Zoology, it may be used effectively with any zoology text. 


INTRODUCTION 
The Microscope—Scientific Drawings. 
A SURVEY OF ANIMAL PHYLA 


Phylum Protozoa—The Structural Compo- 
nents of Cells—The Function of Cells—Or- 
ganization of the Metazoa—Phylum Porifera 





The first section of the manual surveys the animal kingdom and includes 
all the “classical” animals necessary to a beginning course in zoology. The 
second part is devoted to the comparative anatomy of organ systems with 
special emphasis on the frog. You will value the concluding exercises 
which aptly cover genetics, reproduction, evolution and ecology. 


The authors stress principles and function throughout—encouraging the 

student to work with details in order to form the principles. You will find 

the clear and concise instructions preceding each experiment help eliminate 

needless time-consuming lectures during the lab period. 

By Harvey I. Fisuer, Ph.D., Chairman, — of Zoology, Southern Illinois University; 
r 


and James B. Kirzmituer, Ph.D., Assistant Professor of Zoology, University of Illinois. About 
320 pages, 81,” x 11”, illustrated. New—Ready in March! 





Gladly sent to teachers 
for consideration 


as texts! 











—Phylum Coelenterata—Phylum Platyhel- 
minthes—Phylum Nemathelminthes—Phy- 
lum Mollusca—Phylum Annelida—Phylum 
Arthropoda—Phylum Echinodermata—Phy- 
lum Chordata—Tissues, Organs and Systems 
—Integumentary Systems—Skeletal Systems 
—Circulatory Mechanisms—Muscular Sys- 
tems — Digestive. Mechanisms — Respiratory 
Mechanisms—Excretory Mechanisms—Ner- 
vous Systems — Mitosis — Gametogenesis — 
Genetics—Reproduction—Embryonic Devel- 
opment — Organic Evolution — Symbiosis — 
Ecology—Distribution of Animals—Taxon- 
omy. 
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ION EXCHANGE RESINS, Second Edition 


By ROBERT KUNIN, Rohm & Haas Company. Since the publication of the first edition, this field 
has greatly expanded. Recent developments in areas only lightly touched upon in the first edition have be- 
come so important as to require more discussion. In some cases entire chapters are devoted to subjects 
previously covered by only a sentence or paragraph. Involved in this expansion are such topics as perm- 
selective membranes, hydrometallurgy, sugar refining, and specific exchange resins. The book gives a coor- 
dinated account of the entire field, covering both organic and inorganic exchange materials, and is 
concerned with theory as well as application. 1958. Approx. 474 pages. Prob. $11.00. 


QUANTITATIVE ANALYSIS, Fourth Edition 


By WILLIS C. PIERCE, University of California, Riverside; EDWARD L. HAENISCH, Wabash | 
College; and DONALD T. SAWYER, JR., University of California, Riverside. Following the style that 
made the previous edition so popular (nearly 200,000 copies sold), this latest volume incorporates many 
revisions. The book has been modernized, and its new arrangement allows the instructor to start with 
either volumetric or gravimetric analysis. Colorimetry is included. And more material on instrumentation 
has been added—examples of this are PH meter and a titration using “‘versene”. 1958. Approx. 486 pages. 
Prob. $5.75. 


TELEVISION IN SCIENCE AND INDUSTRY 


By V. K. ZWORYKIN; E. G. RAMBERG; and L. E. FLORY; all of the RCA Laboratories. Outlines 
the principal fields of application of television to industry, research, medicine, education, commerce, mili- 
tary affairs, the home, and the farm. With emphasis on the future development of closed-circuit television, 
it describes the apparatus which has been developed and discusses camera design and circuitry of the more 
conventional equipment. It gives a general view of the status of closed-circuit televisioa in 1957, and pro- 
vides actual case studies showing the reader the situations to which it is applicable, and the necessary 
equipment and its use. 1958. Approx. 320 pages. Prob. $10.00. 


TRACE ANALYSIS 


Edited by JOHN H. YOE, University of Virginia; and HENRY J. KOCH, formerly with the 
Sloan-Kettering Institute. With twenty-five contributors. A compilation of the papers presented at the 
Symposium on Trace Analysis held in 1955 at the New York Academy of Medicine, this book brings to- 
gether most of the methods and techniques used in trace analysis, including theory, accuracy, application, 
and sources of error. It treats methodology, instrumentation, separation of sub-microgram quantities, and 
contamination hazards involved in dealing with sub-microgram quantities. It is a storehouse of informa- 


tion for everyone concerned with trace concentrations of the chemical elements and compounds. 1957. 
672 pages. $12.00. 


Send for examination copies today 


JOHN WILEY & SONS, INC. 


440 Fourth Avenue New York 16, N.Y. 


308 


SCIENCE, VOL. 127 








hat 
iny 
ith 
ion 


ges. 


ines 
nili- 
ion, 
nore 
pro- 


sary 


| the 
: the 
s to- 
tion, 
, and 
rma- 
1957. 


N.Y. 


IL. 127 











) Sette | first in precision optics 


LEITZ 
FLUORESCENCE 
ILLUMINATING 
EQUIPMENT 





The accelerated interest in fluo- 
rescence microscopy in various 
fields of medical and industrial 
research has been made pos- 
sible by the new fluorescence 
accessories. The source is a CS 


150 Watt mercury vapour lamp. 
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A reputation for integrity and a tradition of service have led thousands of scientific 
workers to bring their optical problems to Leitz. If you have problems in this field, 


why not let us help you with them? 

















Se ee et a ee See ee ee eee = 
7 E. LEITZ, INC., Dept. SC-2 
| 468 Fourth Avenue, New York 16, N.Y. | 
| : I 

Please send me the Leitz brochure. 

See your Leitz dealer and examine these Leitz 

instruments soon. Write for information. : NAME | 
| STREET 
| | 
CITY ZONE STATE ; 
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E. LEITZ, iNC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the world-famous products of 
Ernst Leitz G.m.b.H.,Wetzlar Germany-— Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES > MICROSCOPES > BINOCULARS 
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FOR FAST, ACCURATE CO. MONITORING 


310 





During anesthesia, detector arm can 
be clamped directly to operating 
table and console used remotely. 
Detector is pressurized for safety 
in an explosive atmosphere. 








In physiological testing, detector 
arm attaches to console and can be 
adjusted to reach subject on a 
treadmill or in any position re- 
quired for pulmonary investigations. 





$-49 LB-2 Monitor 





Two New Instruments 


The CO, content of respired air can be determined instantly 
with the new Beckman/ Spinco medical gas analyzers. Designed 
especially for monitoring patients under anesthesia and for 
diagnosing lung and cardio-pulmonary disorders, these instru- 
ments measure rapidly, specifically and continuously. 


Both new instruments are engineered for safety in the 
operating room and for flexibility in testing and research. 
Besides CO,, other gases of medical interest, such as Fluothane, 
cyclopropane, nitrous oxide and ether, can be measured by 
changing detectors. 


The Model LB-2 Medical Gas Monitor is a complete, mobile 
console which can be used remotely during anesthesia. In 
physiological testing, the LB-2’s detector arm adjusts to reach 
a subject in any position. If a record of CO, levels is desired, 
the console contains a recorder capable of following respiratory 
rates up to 70 per minute. 


A companion model, the LB-1 Medical Gas Analyzer, 
consists of an amplifier and detector. It serves as a basic system 
to which other equipment can be added as needed. Like Model 
LB-2, it has a response time of 0.05 second with an accuracy 
of 0.1% COQ). 


Both models are supplied with two types of sampling cells 
for monitoring either the entire tidal volume or merely a por- 
tion of it. 


Models LB-1 and LB-2 are redesigned and improved versions 
of the Liston-Becker Model 16 CO, Analyzer which has been 
used extensively in polio clinics and pulmonary research. 
Because of their design advances, the new models can now be 
used wherever CO, analysis is essential. We'll be happy to send 
you detailed information — write Spinco Division, Beckman 
Instruments, Inc., Stanford Industrial Park, Palo Alto, Cali- 
fornia. Ask for File LB-5.B. 


Beckman® 


Spinco Division 


Beckman Instruments, Inc. 





LB-1 Analyzer 
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Kodak reports on: 
our desire to be a fountainhead . . . keeping your fingers dry... what every 
practical-minded photomicrographer should know 
~~ ‘ . 
3 Of tocopherol we sing Up two bits 
Of tocopherol we sing a tune different from that used for Eastman Organic Whoever wants to learn how to do 
Chemicals as a class. Here the principle of non-specialization is cast off. photography through the micro- 
Here is no place for pleasantries where one Sandmeyer reaction product or scope should read “Photography 
another, one nitrite reagent or another, serve as mere illustrations of diver- through the Microscope.” Kodak 
sity. The stream of tocopherol that pours into the world economy has one of dealers stock it or can order it from 
its main sources in us. To be looked to, likewise, as a fountainhead of us, the publishers. 
tocopherol research suits us. It says so right at the bottom of our advertise- The main difference between the 
ments to the pharmaceutical industry: “‘leaders in research and production 75¢ Second Edition and the 50¢ 
of vitamin E.” The greater number of disinterested investigators we can in- First Edition is that the didacticism 
cite to scrutinize the role and fate of tocopherol in mammalian and avian on the theory of the photographic 
physiology, the prouder we shall be. process has been eased off. In its 
To facilitate such inquiry we announce our readiness to supply at $50 place there is a tour under escort 
per 10 mg d-a-tocopheryl acid succinate bearing a C'4-labeled 5-methyl of a practical-minded photomi- 
group. Biologically and chemically identical with the crystalline material we crographer along the shelves of new 
regularly sell to pharmaceutical manufacturers, it carries the high specific photographic materials uncorked 
activity of 1 microcurie per mg and may be represented thus: in the last few years. 
CH; Contents: 
The Microscope 
HOCO(CH:):COO —_ oe aa i Objectives 
Z : ¥ Oculars* 
| : | say 
ge oO (CH:);-CH(CH:);-CH(CH:);-CH-CHy Substage Condenser 
H;C CH; Resolution 
CH; The Microscope and the Camera 
Because of the slight formality which requires licensing of radioisotope users by the Simplified Photomicrography 
Atomic Energy Commission, Division of Civilian Application, Oak Ridge, Tenn., General Photomicrography , 
this material is not handled as an Eastman Organic Chemical or sold through dealers. Equipment 
A photocopy of your AEC authorization must accompany your purchase order. Sub- Light Sources 
mit it to Distillation Products Industries, Eastman Organic Chemicals Department, Magnification 
Rochester 3, N. Y. (Division of Eastman Kodak Company). Photographic Materials for 
Photomicrography 
Brute force “above 30,000 inches per second.” ae Sheet Films and 
Photographic paper which requires At low recording and wining Negative Roll Films 
aay . * speeds, focused energy from a high- Negative Material 
no processing is of itself no news. . ay H straviol : Characteristics 
There may be a little news in that semi pele ay — "1 avs Color Films 
at least two major manufacturers of asin weiais nen ; =e. i illumination of the Subject 
moving-mirror oscillographs now ern - Where isn't, use os - ey tiers 
offer recording instruments based ° eigen — ' Oot Dated of Whidiniiiiies 
on what we call Kodak Linagraph °C 0* '0l @ RIES — Abbé-Nelson Illumination ° 
Direct Print Paper. If they want to or all practical purposes the post- Koehler Illumination 
call it something else, we love them  ©*POSUTE Talses the speed several Reflected-Light Technique} 
none the less hundred times. The trace comes out Procedure 
aaa 7 , i Semiprofessional Setu 
In giving up photographic de- blue ona buff background. As with at 1 ro “9 Hand 
: most miracles, the miracle of Kodak Simplified Setup with a Ha 
velopment, one gives up for the sake : 2 : Camera 
of dry fingers an energy amplifica- Linagraph Direct Print Paper be- Filters 
tion factor of enormous power comes a little less miraculous upon Kodak Wratten Filters 
¥ itati Liquid Filters 
Nevertheless, we agree that dry quantitative study. The total ere ad Filter F a 
; delivered to the paper in the writing a anes ; 
fingers are nicer than wet fingers. , Filters for Color Photomicrography 
We bow low to the optical design and the Sag is about the Biological Sta:ns 
. : . same as the radiant energy required Determination of Exposure 
eS Se eee Soe by a conventional photographic en- Criteria for Judging Exposure 
and quiet little boxes in which most , : Calculating E for Differe 
: larging paper. It’s just that the en- a ”, 
satisfactory traces are put down werd cate J oe Conditions 
through brute force of u-v radia- | ©T8Y Tequirement can be supplied in Light Meters in Exposure 
tion. One company claims  fre- two separate doses. Determination 
. ‘ 4 5 , Special Techniques 
quencies to 2,000; the other, to If interested in this type of oscillog- Metallography 
“above 3,000,” with trace velocities raphy, watch for pertinent ads in the Photomacrography 
technical press and alert your purchas- Palsstecd Vache 
ing agent to send in the next man who Ultraviolet Photomicrography 
*For better than 60 years we have made studio comes around with one of these instru- Fluorescence Photomicrography™ 
proof paper. On it many portrait photographers ments. If you have other ideas for this : noe Fy 
submit those brownish-purple proofs from : Infrared Photomicrography 
which the customers select the poses they like. type of paper, Eastman Kodak 7 Com x Phase Contrast Photomicrography 
The proofs are to be returned. People who in- pany, Graphic Reproduction Division, CScecnboaniecntant 
stead stick: them up on —, sy ape Rochester 4, N. Y., will try to be helpful Elechon Micsceee pay 
That's the idea with veudie poten’ oo tna by arranging with a local dealer to sell PY 
developing and no fixing. you some of it for experimentation. Febns aiiiihamwuiiaiie 
> to change without notice. 
This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
L. 14 FEBRUARY 1958 311 






















































VINJHHAOZIHOS 


Electric Technology U.S.S.R. 





ELEKTRICHESTVO 
With an International Editorial Advisory Board 


It is becoming appreciated that the scale and intensity of engineering effort and engineer- 
ing education in the Soviet Union ensure that this group of countries will make major 
contributions to. future engineering progress. Electrical engineering in particular has 
claimed a certain priority of effort since Lenin proclaimed electrification to be a necessary 
basis for socialist construction. In certain aspects of electrical engineering the U.S.S.R. 
is already in the front rank. It is pioneering, for example, in d.c. power transmission, 
with concomitant developments of rectifier and invertor equipment and supervisory controls. 
The development of water-power resources on a large scale implies developments in alterna- 
tors, switchgear and transmission systems. Noteworthy contributions are being made to the 
theory of automatic control and remote control, based in part on past Russian achievements 
in non-linear mechanics. The level of theoretical and mathematical work is high. 

The keen desire of engineers in other countries to keep contact with progress in electrical 
engineering in the U.S.S.R. has been frustrated by the language barrier. A decision has 
now been made’ by the Pergamon Institute, a non-profit-making foundation, to publish 
an English translation of the Russian journal “Elektrichestvo.” This is the leading publication 
in the field of electrical engineering in the U.S.S.R. It covers technical and economic 


aspects of power supply systems, the design and application of electrical machines, switch- - 


gear and measuring instruments, and it also carries articles on broader topics such as 
automatic control and the analysis of fields and networks. In general the topics of radio 
and communications are excluded.* 

“Elektrichestvo” is a journal of long history and high standards. It was one of the first 
three electrical engineering journals to be published anywhere in the world. It will no 
doubt continue to be the leading Russian journal covering the main fields of electrical 
engineering except aspects special to communications. The English edition will make 
Soviet progress in a broad field of electrical engineering accessible for the first time to 
English-speaking engineers. LR. MAXWELL 

A. TUSTIN 

*However, these topics will now be made available to English-speaking 

scientists with the help of a grant from the National Science Foundation, 

Washington, and in co-operation with the M.I.T. Cambridge, Mass., which 

enables the Pergamon Institute to translate the three leading Russian jour- 
nals in the fields of radio engineering, communications and electronics. 
Subscription Rates: 4 volumes per annum $56.00 (£20) 

Single volume $17.00 (£6) 


~ . + 
Physics of Metals The Abstract Journal 
& Metallography Metallurgy 


iD: : Compiled under the guidance of an Interna- 
Editor-in-Chief: S. V. VONSOVSKY tional Advisory Board. 
ag t , 1. Metal Physics. Crystal Chemistry. 
This journal deals with the theoretical prob- 2. Metallography. a. Constitution dia- 
lems and experimental investigations into the grams. b. Phase transformations. c. Strength 
physical properties of metals and alloys. It and ductility of metals. d. Structure and 


contains studies of phenomena occurring dur properties of cast iron. e. Structure and 
i i P , Ss “properties of steel. f. Structure and prop- 
ing all phases of manufacture and in the erties of non-ferrous and rare metals and their 


metals in actual use in various applications. alloys. 
3. Methods of . research. Laboratory 


Bi-monthly. Equipment. 
Bi-monthly. 


Write for fully descriptive leaflet 
PERGAMON PRESS 


NEW YORK LONDON PARIS LOS ANGELES 
122 East 55th Street, New York 22, N.Y. 4 & 5 Fitzroy Square, London, W.1. 
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Strength Through Union 


One of the most serious, if not one of the most spectacular, tasks for 
science is that of keeping its literature accessible. In the more leisurely days 
of the past the problem of communicating results was met largely through 
the efforts of scientists themselves: they organized abstracting and indexing 
services for their particular fields either on their own or with some foun- 
dation or governmental support. 

But with the growth of science the task has become more formidable. 
For example, Chemical Abstracts, which covers the world literature in 
chemistry, abstracts about 100,000 articles per year from about 7500 
journals, 2000 books, and the patents of 22 countries. The future holds 
no hope for a diminution of effort. The rate of publication in chemistry 
has doubled every 8 years during this century and there is no sign of 
leveling off yet. The volume of publication is increasing in other branches 
of science too. The total job to be done can be appreciated by considering 
that some 50,000 scientific journals currently publish about 2 million 
articles per year. 

This is clearly the time for a reappraisal of our methods for handling 
scientific infofmation. Among those who have considered the problems 
involved there is general agreement that we need a clearinghouse and a 
coordination center for abstracting, indexing, retrieving and translating. 
Some would have us establish a counterpart of the Soviet All Union 
Institute of Scientific and Technical Information, which would be entirely 
under Government control. Others would prefer that the entire program 
be operated by a private corporation under Government contract. 

Still others, and we are among them, favor a combination of private 
and governmental effort. Two recent events have made it possible to 
envisage such an operation. The Office of Technical Services in the De- 
partment of Commerce, working in cooperation with the National Science 
Foundation, is enlarging the scope of its activities so that it may function 
as a center for information about foreign translations made by either 
governmental or nongovernmental agencies, for indexing and cataloging, 
for arranging for translating when translations are not available, and for 
other related purposes. 

The other event is a consequence of a conference of the following 14 
organizations in Philadelphia at the end of January: Applied Mechanics 
Reviews, Bibliography of Agriculture, Bibliography of Technical Reports 
(Office of Technical Services, Dept. of Commerce), Biological Abstracts, 
Chemical Abstracts, Current List of Medical Literature, Engineering Index, 
International Aeronautical Abstracts, Mathematical Reviews, Meteoro- 
logical Abstracts, Nuclear Science Abstracts, Psychological Abstracts, Re- 
view of Metal Literature, Technical Abstract Bulletin (Armed Services 
Technical Information Agency). 

These organizations, which annually abstract or index more than 400,000 
articles and books, decided to form the National Federation of Science 
Abstracting and Indexing Services. This federation is in itself an important 
step toward the elimination of duplication of effort and toward the setting 
up of uniform standards in classification, terminology, abbreviations, and 
transliteration. But its main significance lies in its potential function as a 
nongovernmental agency prepared to work in harmony with the central 
clearinghouse in the Office of Technical Services and eligible to receive 
private or Federal support for carrying out its important mission.—G.DuS. 
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Self-Stimulation of the Brain 


Its Use To Study Local Effects of 


This article reviews experiments which 
have led to the discovery and analysis of 
localized systems in the brain where 
electric stimulation has positive and 
negative motivational effects (1). Basi- 
cally, the experimental animal in these 
studies is rewarded or punished by a 
brain shock. The site of electric stimula- 
tion determines the motivational effect. 

The studies are important primarily 
as a beginning step toward filling the 
large gap which has existed between 
neurophysiological techniques and an 
understanding of complex psychological 
processes. Among other things, they 
carry the enterprise of brain mapping 
into the realm of clearly defined moti- 
vational functions; this by itself corre- 
lates an orderly array of integrative 
psychological mechanisms with an or- 
derly array of anatomical points in the 
brain. Furthermore, these studies per- 
form a unification long considered tech- 
nically impossible between electrophysio- 
logical, independent variables and 
standard, behavioral, dependent varia- 
bles to produce smooth interaction 
curves relating the two. 

For psychologists, these experiments 
help to clarify the basic notions of re- 
ward and punishment. Reward and pun- 
ishment, it is agreed, determine which 
behaviors will predominate in an organ- 
ism’s repertory and which will be erased 
from it. Rewarded responses are re- 
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peated more frequently than would be 
expected by chance; punished ones are 
repeated with less frequency. This is 
obvious. 

Less self-evident is the thesis of the 
classical theory of reward, according to 
which reward is interpreted as being the 
falling phase of the same massive stimu- 
lation which at high levels constitutes 
punishment. This thesis is greatly weak- 
ened by the work outlined in this ar- 
ticle; however, it has held sway for such 
a long time in psychology and conditions 
so many basic attitudes that it will cer- 
tainly form a foundation stone for the 
new theories which replace it. 

Drive and punishment are synony- 
mous, according to this theory, and a re- 
ward is held to be fundamentally noth- 
ing more than the reduction of a drive. 
Physiological conditions which are in- 
imical to survival, such as food deficien- 
cies or tissue damage, cause massive 
receptor discharge into the central ner- 
vous system. This discharge is held to 
be the drive, and it is held to be reflected 
in behavioral activation. The latter is a 
nonselective function of the massive 
drive stimulation, energizing adaptive 
and maladaptive responses equally. The 
drive stimulation, however, also has a 
selective function by which it combines 
with other cue stimuli to select those re- 
sponses which have repaired this par- 
ticular physiological deficit in the past. 

The response actually selected by the 
combination of drive and cue stimuli is 
determined entirely by structural cue- 
response connections whose strength has 


been determined by prior learning. More 
specifically, a group of cues actually se- 
lects the response which was previously 
followed by drive reduction in their pres- 
ence. The drive reduction, on previous 
occasions, caused a rewarding or positive 
reinforcing effect which somehow in- 
creased the causal connection between 
these stimuli and this particular response. 

The hedonistic view that behavior is 
pulled forward by pleasure as well as 
pushed forward by pain is rejected in 
this classical theory for the more parsi- 
monious notion that pain supplies the 
push and that learning based on pain re- 
duction supplies the direction. 

The work reported in this article 
clearly shows one implication of the 
drive-reduction theory to be incorrect, 
for massive inputs to certain parts of the 
central nervous system are shown to have 
rewarding effects. Further, by showing 
that there are anatomically separate 
mechanisms for reward and punishment 
in the brain, it points directly to a physi- 
ological basis for the motivational dual- 
ism suggested in the hedonistic theory. 

In fact, it appears that the area pro- 
ducing rewarding effects, upon electric 
stimulation, is far larger than the area 
producing punishment. In one early ex- 
periment, 76 electrodes were implanted 
in the brains of rats in an attempt to get 
a random sampling of midbrain and 
forebrain points. It was found that stim- 
ulation at 47 of these points had moti- 
vational effects. Stimulation at 36 of 
these motivational points produced ap- 
proach behavior—that is, the rats stim- 
ulated themselves repeatedly by means 
of the technique described below; at 
only 11 points did stimulation produce 
avoidance behavior (2). 


Basic Studies 


Method. The method of self-stimula- 
tion (3) is modeled in part after the 
chronic implantation technique of W. R. 
Hess (4) and in part after the box tech- 
nique of B. F. Skinner (5). The former 
developed a technique for implanting 
electrodes permanently in the brain; the 
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stimulation in the 
behaving animal... The latter 
worked out a way to measure positive 
reinforcement—that is, reward—by ar- 
ranging a situation in which the experi- 
mental animal could deliver the reward 
to itself by a very simple manipulation, 
and thén counting the frequency of the 
manipulations. Self-stimulation combines 
these techniques by allowing animals to 
deliver shocks to specific points in their 
brains through chronically implanted 
electrodes. 
Figure 1 


technique allows 


freely 


shows the method used. 
When the rat stepped on a pedal, a 
shock was delivered to its brain. The rat 
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Fig. 1. Diagram of apparatus by means 
of which a rat delivers electric shocks to 
its own brain. When the rat steps on the 
pedal, the electric circuit is closed and 
current is transmitted to its brain by 
means of implanted electrodes. 




















— * — 
Fig. 2. Diagram of plastic electrode car- 
rier, containing a pair of silver electrodes, 
which is screwed to skull of rat, with wires 


penetrating deep into the brain, as shown 
in Fig. 3. 
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never received any other reward for 
pressing the pedal, and the shock was 
never turned on except when the rat 
turned it on itself by stepping on the 
pedal. 

In this box, animals invariably stepped 
on the pedal about 25 times during the 
first hour (although there was no re- 
warding electrical stimulation at all), 
because the pedal was so placed that it 
would be when the animal 
looked out the only opening in the box. 
After the first hour there were about five 
responses or less per hour during hours 
in which no reward was produced. If the 
pedal-pressing produced a reward, the 
rate, even for the first hour, rose to 200 
or more responses an hour; thus, “re- 
ward” was clearly discernible. If the 
pedal-pressing 


pressed 


produced punishment, 
the rate dropped radically; there were 
only two or three responses during the 
total experimental procedure; thus, 
“punishment” was clearly discernible. 

If the electrode was placed in the brain 
at a point at which maximum self-stimu- 
lation is produced, the rat, after its very 
first electric stimulation, began to search 
and pursue eagerly. Its response to the 
first shock was to sniff in all corners of 
the box and manipulate quickly the ob- 
jects in its path until it stepped on the 
pedal a second time. After the rat had 
pressed the pedal a second or third time, 
it ceased to wander and began to respond 
at the rate of one or two pedal-presses 
per second. These animals learned to 
press the pedal within a minute or two. 

Figure 2 shows, in schematic form, the 
plastic electrode which was 
screwed to the skull and a pair of silver- 
wire electrodes implanted in the brain 
through a hole in the skull. The insu- 
lated wires, which were 0.01 inch in 
diameter, stimulated the brain only at 
their tips. The electrode apparently 
fired cells up to a distance of at least 
0.5 millimeter from its tip. Figure 3 
(top) is an x-ray photograph of an elec- 
trode in place in the brain of an intact 
animal; in Fig. 3 (bottom) the tip. of 
the electrode track appears as a black- 
ened area on the photomicrograph of a 
stained brain slice. In these experiments 
each brain was sectioned and stained 
after testing; all statements about locali- 
zation are based on examination of this 
histological material. 

The stimulus was a sine-wave shock 
at 60 cycles per second; the current 
ranged from 5 to 100 microamperes; the 
animal received a shock lasting for a 
maximum of 0.5 second. If the animal 
held the pedal down for less than 0.5 


carrier 


Fig. 3. (Top) X-ray photograph of an elec- 
trode (deepest shaft) in place in the brain 
of a rat. The four shorter shafts are screws 
which hold the electrode carrier to the 
skull. (Bottom) Photomicrograph of 
stained brain slice from a rat sacrificed 
at the end of a series of experiments. The 
tip of the electrode track appears as dark- 
ened area. Wires are insulated along their 
whole length and stimulate the brain only 
at the tip. 
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Fig. 4. Medial and lateral sagittal sections 
of the rat brain showing, by cross-hatch- 
ing, the areas where electric stimulation 
causes approach behavior and, by stip- 
pling, the areas where electric stimulation 
causes avoidance. A, anterior thalamus; 
AM, amygdala; C, caudate nucleus; CB, 
cerebellum; CC, corpus callosum; C 
CORT, cingulate cortex; FX, fornix; 
HPC, hippocampus; HTH, hypothala- 
mus; MB, mammillary bodies; MT, mam- 
millothalamic tract; PREPYR, prepyri- 
form cortex; S, septal area; TEG, teg- 
mentum; TH, thalamus. 
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second, the current went off when it re- 
leased the pedal. If it held the pedal 
down for longer than 0.5 second, the 
current went off automatically and the 
rat had to release the pedal and press it 
again to produce another shock. 

Locus. Electric stimulation in most 
parts of the rhinencephalon, and in many 
parts of the hypothalamus and related 
structures (see cross-hatching, Fig. 4), 
produced the approach response (2). 
Stimulation in small areas in the mid- 
brain and in certain adjacent parts of 
the thalamus and hypothalamus (see 
stippling, Fig. 4) produced the avoid- 
ance response. Such avoidance behavior 
was first demonstrated in the cat, by 
Delgado, Roberts, and Miller (6). In 
the rat, the area in which stimulation 
produced avoidance behavior was small 
compared with the area in which it pro- 
duced approach behavior. 

The rate of self-stimulation tended to 
diminish steadily as the site of stimula- 
tion was moved toward the cortex. Rates 
as high as 7000 per hour were achieved 
when electric stimulation was applied 
in the region of the interpeduncular 
nucleus of the tegmentum. 

With electrodes placed in the pos- 
terior hypothalamus, just in front of the 
mammillary body, very high rates, in 
the range of 5000 per hour, occurred 
frequently. With electrodes placed in 
the anterior hypothalamus, rates ranged 
from 400 to 1100 per hour. With elec- 
trodes placed farther forward, in the 
preoptic and telencephalic areas, there 
was a second series of rates, ranging 
from quite high ones (about 3000 per 
hour) for the preoptic area to very low 
ones (about 200 per hour) for the an- 
terior forebrain. The high rates obtained 
in the forebrain series were lower than 
the high ones of the hypothalamic series. 

Thus, there was, for the hypothala- 
mus, a decline of response rates as the 
electrode was moved forward. There 
was a similar trend for the telencephalic 
region, and the rates for the whole of the 
telencephalic region seemed to be lower 
than those for the whole of the hypo- 
thalamic region. 

Electric current, Studies in which the 
level of electric current was varied (see 
Fig. 5) provide some basis for explain- 
ing these differences in rate of self-stimu- 
lation. The level of the shock was raised 
from 0 to 150 microamperes by steps 
of 10. Self-stimulation rates started at 
chance levels of about 4 to 40 responses 
per hour and remained at these chance 
levels at 0, and sometimes at 10, micro- 
amperes. Then, usually at 20 or 30 mi- 
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croamperes, but sometimes at 10 micro- 
amperes or less, a threshold was crossed 
and self-stimulation rates rose rapidly. 
As the current was raised further, the 
response rate showed a steady increase, 
undulated, or showed no further in- 
crease. 

We assume that the cells and fibers 


Fig. 5. Electric-current 
functions. The hourly self- 
stimulation rate (plotted 
along the ordinate) tends 
to rise as current (on the 
abscissa) increases from 
0 to 160 microamperes in 
steps of 10. In the middle 
hypothalamus the curve 
shows a temporary decline '500 
when the electric field in- 750} 
vades an area where electric 
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excited by the electric stimulus obey the 
all-or-none principle and have relatively 
similar thresholds. If this is true, each 
increase in current brings cells at a 
greater radius from the tip of the elec- 
trode to threshold. 

Thus, the steep asymptotic curves at 
the top of Fig. 5 indicate that stimula- 
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stimulation has a negative 
motivational effect. In the 
middle forebrain there is '500/ 
an abrupt rise to 500 re- 750 
sponses an hour and then 
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no further increase, because 
there is a very small field 
in which positive motiva- 759| 
tional effects are obtained, 
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Fig. 6. Maze experiment. At the upper left is a maze. The animal runs from the start 
position S, through the maze, to the goal poistion G. At G it finds a pedal, steps on it, 
and stimulates its brain. After the stimulation, the pedal is swung back, and the goal box 
becomes the start box as the animal runs the maze again. The graphs show a comparison 
of a group running for food as the reward (broken line) with another group running for 
electric shock as the reward (solid line). Both groups were 24-hours-hungry. The shock- 
reward group ran as fast as the food-reward group, at the end of the test, and learned 
almost as fast. The marked day-to-day improvement shown in the first runs of the four 
days is especially important. The animals of the shock-group averaged over 100 seconds 
on the first run the first day. They took about 50 seconds on the first run the second day, 
30 seconds on the first run the third day, and 12 seconds on the fourth day. This indicates 
that an animal runs directly to its goal on the first run of the day, having had no pretaste 


of the electric stimulus to whet its desire. 
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tion of several rings of cells around the 
electrode tip induced the rat to stimu- 
late itself with progressively greater fre- 
quency. The undulating curves obtained 
by stimulation in the middle hypothala- 
mus suggest that stimulation of some 
rings of cells decreases the rate of self- 
stimulation; from other evidence it is 
known (2) that “negative” or “punish- 
ing” areas infiltrate into the “reward” 
system in the part of the middle hypo- 
thalamus from which these curves were 
obtained. The “square” curves obtained 
for the dorsal septal area show that only 
one ring of cells around the electrode 
tip had any motivational function; the 
rest were neutral. Such “square” func- 
tions have always resulted when the elec- 
trodes were implanted in or near the 
diagonal band of Broca; the threshold 
increased as the distance of the elec- 
trode from the diagonal band increased. 
These data on electric current level per- 
mit an important inference to be drawn: 
the asymptotic self-stimulation rate of 
an area probably depends on the number 
of concentric rings of “reward” cells sur- 
rounding the tip of the electrode. 

The square curves indicate several 
other important points, Since the full 
rate occurred at 10 microamperes, when 
the electrodes were in the diagonal band, 
it appears that cells outside the diagonal 
band are neutral (the diagonal band is, 
thus, the only active site in the septal 
area). The fact that current up to 150 
microamperes does not slow the rate of 
self-stimulation indicates that the reward 
units of the diagonal band are affected 
equally by any current from 10 micro- 
amperes (threshold) to 150 microam- 
peres (15 times threshold). Since this 
function was produced repeatedly by the 
same rat every day for 8 months, it may 
be assumed that the current of 15 times 
threshold did no damage to the nearby 
cells which produce self-stimulation. 

Finally, because electrodes may be 
placed at varying distances from the 
diagonal band, it is possible to define 
the shape and size of the suprathreshold 
electric field produced by various levels 
of electric current. 

Summary. (i) The areas in which the 
stimulation produces the approach or re- 
warding effect occupy a larger propor- 
tion of the brain than do the areas in 
which the avoidance or punishing effect 
is produced. Therefore, the brain cannot 
be thought of as tending mainly to pro- 
duce behaviors which decrease its own 
excitation, for a large portion causes be- 
haviors which increase excitation. (ii) 
There is some sort of orderly arrange- 
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Fig. 7. Obstruction box. An animal re- 
ceives electric stimulations on one side, 
then must cross the grid to get more. The 
animals withstood more foot-shock for the 
sake of electrical reward than they did 
when they were 24-hours-hungry and were 
running for food. 


ment of the rewarding effect in the 
rhinencephalon and related structures, 
with the result that response rates tend 
to decline as stimulation is moved for- 
ward toward the cortex; this is true both 
within structures and from structure to 
structure. (iii) Finally, by gauging the 
way in which rates of self-stimulation 
increase as the strength of the brain- 
shock increases, it is possible to estimate 
the size of the sphere, surrounding a 
point of stimulation, in which electric 
stimulation is rewarding. When the size 
of this sphere is large, as in the ventral 
posterior hypothalamus, the rate of self- 





stimulation at high current levels is very 
high. When there is only a narrow ring, 
as in the dorsal septal area, the rate, 
even at high current levels, is low. 


Analytic Studies 


Further studies indicate that the elec- 
trical brain-shock reward has the effect 
of a strong primary reward object in 
several different experimental situations. 
These studies suggest also that the elec- 
tric brain shock excites cells which are 
normally involved in the mediation of 
the effects of conventional primary rein- 
forcers such as food and sex objects. 

Maze running. At first it seemed pos- 
sible that the animal did not really seek 
the electric stimulus but pressed the 
pedal only as a result of some sort of 
compulsion in a small, confined box. 


Maze studies (7), however, indicated. 


that animals show day-to-day learning 
of a complex problem in order to get 
the electric reward (see Fig. 6). Test 
animals certainly ran as fast as, if not 
faster than, others running for a food 
reward. In the case of a runway instead 
of a maze (7), animals ran much faster 
for the electric stimulus than for food. 

Obstruction box. The next two studies 


FIFTEEN DAYS OF RESPONDING 
POSTERIOR HYPOTHALAMIC ELECTRODE #315 






















































































| 
y | 
2 7 12 | 
| 
: 
3 8 13 
4 9 | 14 
| 
5 fe) 15 | 























Fig. 8. Response rates in maze studies of one animal for 15 consecutive days. Each square 
indicates a 1-hour test period on a given day. Each time the record goes from the bottom 
to the top of a square, the animal has made 500 responses; thus, each peak represents 500 
responses or self-stimulations (9). The slope of the rising edge of each “sawtooth” indi- 
cates the response rate. There are about ten peaks in each day’s record; thus, the animal 
was responding at the rate of about 5000 responses an hour. The electrode in this case 
was implanted in the posterior hypothalamus. The same rate is maintained all through 
the hour, and it is also maintained on all 15, days. Such rates are maintained, in fact, for 
several months in a row—that is, for as long as we choose to run the animal. 
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Fig. 9. Diagram similar to Fig. 8, showing response rates in maze studies of an animal 
with an electrode implanted below the septal region. Here the rate is about 750 self- 


stimulations an hour. 


were concerned with the strength and 
duration of the drive for self-stimula- 
tion. To study the strength of the drive, 
the obstruction box shown schematically 
in Fig. 7 was used. In this study (8) the 
rat was permitted to stimulate itself 
three times at one lever. Then it had to 
cross a grid, which delivered an increas- 
ingly painful foot shock, to stimulate 
itself three more times at the opposite 
lever. It went back and forth until the 
foot shock became so great that it 
stopped the rat from crossing. Healthy, 
well-fed rats running for a brain-shock 
reward endured far more painful shock 
to the feet than did 24-hour-hungry rats 
running for food. The drive for self- 
stimulation appeared to be (in some 
cases) at least twice as strong as a 24- 
hour hunger drive. 

Satiation? As for the endurance of the 
drive for self-stimulation, two questions 
may be asked: (i) How many days did 
the drive last if rats were allowed to 
stimulate themselves for an hour per 
day? (ii) How many minutes or hours 
did the drive last if rats were allowed to 
stimulate themselves continuously? 

When animals were run for periods 
of an hour a day, they usually main- 
tained the same rate of self-stimulation 
throughout the hour and for as many 
days or months as they were tested. Such 
stable rates (shown in Figs. 8 and 9) 
were obtained when high suprathreshold 
electric current (60 to 100 microam- 
peres) was used. 
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If animals with electrodes implanted 
in the hypothalamus were run for 24 
hours or 48 hours consecutively, they 
continued to respond as long as physio- 
logical endurance permitted. Rats with 
electrodes implanted in the telencepha- 
lon, on the other hand, seemed to slow 
down considerably when they were 
shifted from a 1- to a 24-hour self-stimu- 
lation schedule. Figure 10 shows the fol- 
lowing pattern: a rate of 2000 self- 
stimulations per hour maintained for 24 
consecutive hours, then sleep, and then 
further response at a rate of 2000 self- 
stimulations per hour; this is typical 
when electrodes are implanted in the 
hypothalamus. Figure 11 shows rates of 
self-stimulation for a series of animals on 
such a regime. All curves obtained from 
animals with electrodes in the telen- 
cephalon have early, sharp inflection 
points. An animal with an electrode in 
the telencephalic septal area, which re- 
sponded 1000 times per hour if it was 
permitted to stimulate itself for only one 


Fig. 10. Graph of continuous self-stimula- 
tion for a 48-hour period. Cumulative re- 
sponse totals are plotted along the ordi- 
nate, hours along the abscissa. The experi- 
ment started at noon; cross-hatching indi- 
cates darkness from 8 p.m. to 6 A.M. The 
animal (with an electrode implanted in 
the anterior medial hypothalamus) stimu- 
lated itself at a rate of more than 2000 
responses an hour for 26 hours, then slept, 
and then resumed self-stimulation at the 
same rate. 


hour per day, responded only 1000 times 
in 24 hours if it was permitted to stimu- 
late itself for 24 hours per day. Thus, 
animals with electrodes in the telen- 
cephalon appeared to show some gen- 
uine satiation. No similar satiation ap- 
peared in animals with electrodes in the 
hypothalamus. 

Effects of drives. Further studies 
showed that the animal’s taste for the 
electric reward is often sensitive to basic 
drives in the way that its taste for con- 
ventional rewards is. The extensive re- 
ward system appears to break down into 
subsystems subservient to the different 
basic drives; there appears to be a food- 
reward system, a sex-reward system, and 
so on. 

If electric stimulation at some points 
fires cells that mediate food reward, the 
animal’s appetite for self-stimulation at 
this point may go up and down with 
hunger as its appetite for food does. A 
large series of animals has been tested 
in order to compare their rates of self- 
stimulation when hungry with their rates 
when full. When tests were made at a 
constant current of 65 microamperes 
with a set of electrodes placed in the 
midline of the brain, in the ventromedial 
hypothalamus, and in the septal area, 





60,000 rH 




















RESPONSES 








eG Ge § 
TIME OF DAY 


319 








hunger seemed to have an important 
positive effect, increasing self-stimulation 
rates (9, 10). When, however, animals 
were tested at a series of current levels, 
a somewhat different picture of the 
hunger system appeared. 

In the latter experiments (as shown 
in Fig. 12) animals were tested every 
day at a series of shock levels; accord- 
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ingly, they yielded a series of response 
rates (usually of increasing magnitude). 
Each shock level was maintained for 8 
minutes, response output was recorded, 
and then the shock was shifted to the 
next higher level. Zero microamperes 
(no reward) was usually maintained for 
the first interval, and then the shock 
level was raised to 5 microamperes, 10 
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Fig. 11. Graphs of comparative responses of animals with electrodes implanted in fore- 
brain and of others that had electrodes in hypothalamus, in a continuous 48-hour experi- 
ment. Animals with electrodes in the forebrain show a point of satiation which does not 
appear in animals with electrodes in the hypothalamus. 
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Fig. 12. Hunger effects. Response output is plotted against electric current; each bar or 
dotted line represents a range of scores obtained on several days. The testing started with 
current at zero. Current was increased after 8 minutes to 5 microamperes, then to 10 
microamperes, and so forth, being maintained for 8 minutes at each level up to 35 or 40 
microamperes. Response rates gradually increased, approaching an asymptote charac- 
teristic of the area of stimulation. The heavy black lines represent response ranges for 
three different days when animals were 24-hours-hungry; the broken lines represent 
ranges for three days when the animals were full. At the left, a sharp hunger differentia- 
tion at 10 microamperes is indicated. There is no overlap of scores at this, point. The 
animal averaged 200 percent more responses when it was hungry. However, at all other 
levels of current this difference disappears. At the right are scores for a different animal 
with a different electrode placement. Here there is a marked separation of scores at the 
higher current levels of 25, 30, and 35 microamperes. But at the lower levels, where the 
animal had quite high response rates, there is no difference between scores while it is 


hungry and scores while it is full. 
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microamperes, and so on. Response rates 
started at very low (chance) levels dur- 
ing the first interval and gradually rose 
to an asymptote characteristic of the 
area of stimulation. 

Animals were run alternately—one 
day hungry and the next day full—to see 
whether this would change the rate of 
self-stimulation during the various in- 
tervals. Many animals responded faster 
when hungry and slower when sated, 
but this difference appeared only at a 
limited range of electric shock levels. 
The shock level at which the hunger 
difference appeared is called the “thresh- 
old of the hunger effect.” 

Before discussing these thresholds I 
shall mention the gross findings of this 
recent hunger study. When electrodes 
were in the hypothalamus, all large 
hunger effects on self-stimulation were 


obtained with those electrodes which 


were clustered in the posterior sector. 
No hunger effects were found when elec- 
trodes were in the portion of the anterior 
hypothalamus that was explored. With 
electrodes in the telencephalon, however, 
strong hunger effects appeared again in 
a rather unclear pattern. With electrodes 
in the posterior hypothalamus, the in- 
teresting and orderly picture shown in 
Fig. 13 was obtained. 

Thresholds for the hunger effect de- 
clined as the location of the electrodes 
approached a point about 1.25 milli- 
meters lateral to the midline at a point 
just in front of the mammillary body. If 
we assume that a hunger-reward center 
is located at this point, we find that it 
can be reached by 10 microamperes of 
current from electrodes at points about 
0.25 millimeter away and by 20 micro- 
amperes from electrodes at points about 
0.5 millimeter away. From these data 
we may surmise (see Fig. 14) that a 
50-microampere stimulus has a supra- 
threshold field with a diameter of about 
1 millimeter. 

Electric stimulation in the whole pos- 
terior hypothalamus has rewarding ef- 
fects, for stimulation through electrodes 
anywhere in this area produces very 
high rates of response even at the lowest 
current levels. Only stimulation of areas 
shown schematically at the lower left of 
Fig. 14, however, seems related to hun- 
ger; the other areas must be controlled 
by other drives. 

A hunger differential appears, we may 
surmise, whenever an electric field is in- 
creased to the point where there is a 
hunger-sensitive area on the boundary 
between the supra- and_ subthreshold 
parts. If this is true, our data suggest a 
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sharp localization of a hunger reward 
center in the hypothalamus and a very 
compact relation between it and the 
other drive-reward centers in the hypo- 
thalamus—a relation so compact that 
different effects will be achieved at dif- 
ferent current levels. 


Androgen-Level Studies 


In androgen-level studies (J1), ani- 
mals were castrated after they had been 
trained to press the lever for brain shock. 
After castration, rates of self-stimulation 
were measured for 14 days of declining 
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Fig. 13. Hunger map. This is a schematic 
map of the region of the posterior hypo- 
thalamus. (Electrodes 8 to 9 mm long are 
implanted 4 mm behind the primary skull 
marking bregma.) The ordinate gives dis- 
tance (in millimeters) from the top of the 
skull. The abscissa gives distance (in milli- 
meters) from the midline. Thus, the right 
side of the drawing represents the medial 
portion of the hypothalamus. The very 
dark circles indicate electrode implanta- 
tions accompanied by very large hunger 
effects; plain circles indicate those accom- 
panied by moderate effects; broken circles 
indicate those accompanied by very small 
effects. The broken circle without a nu- 
meral indicates no hunger effect at all. The 
numerals inside the other circles indicate 
the level of current (in microamperes) at 
which the hunger effect could be detected. 
In the case of the electrodes represented 
by the cluster of circles at the lower left- 
hand corner of the map, levels of current 
of about 10 microamperes produced the 
hunger effect. With electrodes represented 
by circles above this point, current levels 
of 20 and 25 microamperes gave the 
hunger effect. With electrodes nearer the 
midline, currents of 30, then of 55, micro- 
amperes were required to get hunger dif- 
ferentiation, and even then it was small. 
With the electrodes represented by circles 
in the top medial part of the square, no 
hunger effect is detected at any of the 
levels of stimulation used. It is almost, but 
not quite, true that the distance from a 
point 9 mm deep and 1.25 mm lateral 
determines the amount of current needed 
to get the hunger effect. 
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androgen level. Then testosterone pro- 
pionate was injected, in doses of from 
1 to 5 milligrams per animal, and rates 
were measured over a period of days 
while androgen levels rose and fell again. 
A series of testosterone injections was 
also given to see how rates of self-stimu- 
lation were maintained under androgen 
replacement therapy. 

Two sets of data from this study are 
shown in Figs. 15 and 16. First, with an 
electrode in the dorsomedial caudate 
nucleus, an all-or-none relation between 
rate of response and testosterone level 
was obtained. The animal was tested 
each day at a series of levels of current, 
from 15 to 55 microamperes. The ani- 
mal responded well for a 15-microam- 
pere current when androgen levels were 
high; it did not respond at all, even for 
a 55-microampere current, when andro- 
gen levels were low (see Fig. 15). The 
animal was taken through several an- 
drogen cycles. At high levels it always 
responded; at low levels it did not. At 
the termination of its career the rat was 
responding at a very high level, and post- 
mortem examination showed that its 
seminal vesicles were not only as large 
as those of noncastrated rats but, indeed, 
were larger than normal. Thus, it is 
possible to get all-or-nothing drive ef- 
fects from self-stimulation with elec- 
trodes placed in some parts of the cau- 
date nucleus. 

The second point is that there is an in- 
verse relation between androgen effects 
and hunger effects on the rate of self- 
stimulation (see Fig 16). Hunger effects 
and androgen effects on rate of self- 
stimulation were measured in 16 ani- 
mals, with electrodes in different parts 
of the hypothalamus and telencephalon, 
on 1-hour self-stimulation runs with a 
stimulus of 1 volt (about 60 to 80 mi- 
croamperes). Animals which showed a 
strong increase in rate of self-stimulation 
in response to androgen showed a de- 
cline in rate of self-stimulation in re- 
sponse to hunger, and vice versa. In 
other words, if hunger raised the re- 
sponse rate, androgen lowered it; if an- 
drogen raised the response rate, hunger 
lowered it. If we presume that the place- 
ment of the electrode determines the de- 
gree of sensitivity to hunger or to andro- 
gens, this study gives a firm basis for ex- 
pecting to find anatomical differentiation 
between the hunger-reward system and 
the androgen-reward system. 

Other experiments showed the effect 
of forced electric stimulation on food 
consumption (consummatory behavior). 
In these experiments (/2), electrodes 


were implanted and were used first to 
test the effect of stimulation on food 
consumption. The animals were main- 
tained on an ad libitum diet. Eating, 
under stimulation, in stimulation boxes, 
was measured for 1 hour per day with 
current of about 80 microamperes ap- 
plied for 0.5 second every 10 seconds. 
Other groups were stimulated with cur- 
rent of 25 microamperes applied for 0.5 
second every second. Measures of food 
intake under stimulation were matched 
against food intake during control weeks 
during which there was no stimulation. 
As has been reported by others (13), 
stimulation in the ventra terior hypo- 
thalamus at points abo millimeters 
lateral to the midline caused an increase 
in eating; stimulation medial to these 
points sometimes, but not always, caused 
a decrease in eating. After these tests 
were completed, the same animals were 
subjected to self-stimulation tests with 
the same levels of current. The lateral 
electrode placements, in areas where 
stimulation seemed to increase hunger 
drive, were the ones that usually pro- 
duced extremely high rates of self-stimu- 
lation. The medial placements, in areas 
where stimulation seemed to reduce the 
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Fig. 14. Electric fields for different levels 
of current. A current of 10 microamperes 
seems to produce a suprathreshold electric 
field which extends more than 0.25 mm 
downward but a much shorter distance 
out to the sides and a still shorter distance 
upward; 20 microamperes seems to reach 
about 0.75 mm downward; 55 microam- 
peres, about 1 mm. If reference is made 
to this schematic drawing of the field in 
connection with each point on the dia- 
gram of hunger effects (Fig. 13), it may 
be seen that the boundary of the supra- 
threshold field cuts through the supposed 
hunger point at the shock level where the 
hunger difference appears. This drawing 
is intended to suggest orders of magnitude 
but not exact relationships. 
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hunger drive, ordinarily produced much 
slower rates of self-stimulation. 

To avoid the notion that there is a 
food-reward “center” in the posterior 
hypothalamus, it should be mentioned 
that a similar relationship between hun- 
ger and electric stimulation seems to ex- 
ist in several more anterior parts of the 
brain. Figure 17 shows the effect from 
a rewarding electrode placement in the 
telencephalon. Electric stimulation at 
this point increased eating behavior by 
almost 50 percent, and the: animal 
stimulated itself at a rate of over 1000 
responses per,hour with no change in 
level of current. 

There is a superficial anachronism in 
these data correlating drive increase 
(measured by eating behavior) and re- 
ward (measured by self-stimulation) ; 
reward has classically been thought to 
be correlated with drive réduction. 
There is, of course, the possibility that 
some conflicting drive is reduced by the 
stimulation, thereby permitting the ani- 
mal to eat. There may also be neighbor- 
‘ing drive and reward areas, both acti- 
vated by the same electric field. How- 
ever, the correlation of rewarding prop- 
erties with a stimulus which produces 
consummatory behavior need not be sur- 
prising. If we think, for example, of a 
stimulus to a sexual consummatory re- 
sponse, we might expect some reward- 
ing properties. Why not expect a similar 
result in the case of hunger? 

Thus, our analysis permits the follow- 
ing generalizations: (i) the electrical 
reward is effective where more conven- 
tional rewards are effective—in a Skin- 





ner box, runway, complicated maze, and 
obstruction box; (ii) the reward has the 
same effect from day to day over long 
periods of time; (iii) with stimulation 
through electrodes in some brain areas, 
hunger augments the rate of self-stimu- 
lation, and with stimulation through 
electrodes in other brain areas, andro- 
gens augment the rate; (iv) the reward- 
ing stimulus often appears to produce a 
temporary increment in some consum- 
matory behavior. 


Drug Studies 


The last part of this article deals with 
more practical considerations. It seems 
that certain behavior disorders might be 
benefited if “reward” or “pleasure” sys- 
tems of the brain could be selectively 
controlled by use of pharmacological 
agents. It might be important to con- 
trol one of the drive-reward systems 
without affecting the other systems, or 
to control the forward or cortical reward 
systems without affecting the posterior, 
hypothalamic systems. 

For these reasons we have hoped to 
find differential sensitivity of different 
reward placements to different drugs 
with known emotional or psychological 
effects. In recent drug studies (14), 
series of levels of current were used, as 
in the drive studies. Animals were al- 
lowed to stimulate themselves for eight 
minutes at each level of current, start- 
ing at zero and working up to 40 or 50 
microamperes. As was indicated previ- 
ously, the animals did not respond at 
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Fig. 15, Effect of androgen on threshold of response to stimulation, showing threshold 
changes from day 7 after castration to day 17 after castration and reversal of these 
changes by injection of 5 mg of testosterone propionate in oil. Animals are tested each day 
at levels of current that increase from 15 to 55 microamperes by steps of 5 microamperes, 


322 














+S0prerr 

ae : “72% 
er | @ © correLation 
a Qo 
Ww @@ s 
Go @—o—© 
° 
3 °@ 
z- % 
en @ 














-45 * ie} + +70 
HUNGER EFFECTS 


Fig. 16. Relation of hunger effects and 
androgen effects. Along the abscissa, dif- 
ferences from control rates caused by 24 
hours of hunger are plotted as percentages 
of control rates. Along the ordinate are 
plotted similar differences caused by ad- 
ministration of 2 milligrams of testosterone 
to castrated animals. Each point repre- 
sents one electrode. SL, lateral septal 
area; SM, medial septal area; HL, lateral 
hypothalamic area; HM, medial hypo- 
thalamic area; CM, medial caudate area. 
Animals were run at high, constant levels 


of electric current. Stimulation points ' 


positively affected by hunger tend to be 
negatively affected by androgens, and vice 
versa. 


zero and 5 microamperes, At 10, 15, or 
20 microamperes, the animals began to 
respond. The eight-minute interval in 
which they began to respond was called 
the threshold interval. A drug was in- 
jected, to become effective at the begin- 
ning of the threshold interval (which 
had been determined by several weeks 
of previous control testing). 
Tranquilizers. In the bar graphs of 
Fig. 18 the rate of self-stimulation is 
shown for successive levels of current 
after threshold has been reached (these 
graphs start, that is, with the threshold 
interval). Restangular outlines show the 
average rate of response for the day be- 
fore, and the day after, the drug test. 
The dark bars indicate the rate of self- 
stimulation when the animal was under 
the influence of the drug. The dotted 
lines show the degree of the effect of the 
drug. In Fig. 18 the data are for chlor- 
promazine injected intraperitoneally at 
2 milligrams per kilogram. In the case 
illustrated at the left of Fig. 18, in which 
the electrode was in the middle hypo- 
thalamus, none of the self-stimulating 
response was eliminated at threshold, 
only 25 percent of the response was 
eliminated at the next level, and 21 per- 
cent was eliminated at the third level, 
after which all inhibitory effect of chlor- 
promazine was over, in this case. In the 
case illustrated at the right, in which 
the electrode was placed in the ventral 
posterior hypothalamus, the effect was 
much more pronounced; self-stimulation 
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is totally eliminated in all six of the in- 
tervals shown. 

A map of the effects of chlorproma- 
zine obtained with 31 cases has been 
made. It shows that the effects of chlor- 
promazine are strongly inhibitory on self- 
stimulation when electrodes are placed 
in the ventral posterior hypothalamus. 
With electrodes in the middle hypo- 
thalamus, there is a somewhat less 
marked effect, and with electrodes in 
the anterior hypothalamus, there is very 
little effect. The effects are small with 
electrodes in the anterior preoptic re- 
gion but seem to become quite strong 
again with electrodes in parts of the 
septal region. 

With electrodes in the posterior hypo- 
thalamus and in the anterior hypothala- 
mus, the same drug has strikingly differ- 
ent effects on the rate of self-stimulation. 
Since the drug does not greatly slow self- 
stimulation via electrodes implanted in 
the anterior hypothalamus, there is some 


assurance that the drug does not impede’ 


behavior as such. Since the drug does 
greatly slow self-stimulation via elec- 
trodes implanted in the ventral posterior 
hypothalamus, there is some assurance 
that the drug acts selectively, either on 
this part of the brain or on some of the 
areas to which it projects, to produce 
its rewarding effect. Furthermore, it is 
reasonable to assume that the areas sen- 
sitive to the drug are not essential to all 
rewarding effects, because anterior hypo- 


thalamic stimulation has its rewarding ~ 


effect in spite of the drug. 
Psychotomimetics. Another example 
of a differential drug effect is the in- 
teraction of serotonin and lysergic acid 
diethylamide. Serotonin is supposedly a 
transmitter substance in the brain, and 
lysergic acid diethylamide is a psychot- 
omimetic (producing effects somewhat 
similar to psychotic hallucinations). 
Studies by other workers (15) have sug- 
gested that in some cases serotonin 
might be antagonistic to the effects of 
lysergic acid diethylamide. When lyser- 
gic acid diethylamide was injected in- 
traperitoneally just prior to the thresh- 
old interval, there was usually an in- 
hibitory effect on self-stimulation. In 
most cases the drug was effective in both 
the first and second intervals after in- 
jection. The effect of the drug appeared 
most dependably in the second eight- 
minute interval after injection; there- 
fore, we studied the inhibitory effect on 
self-stimulation in this second interval in 
further analysis. We found two types of 
interaction between lysergic acid diethyl- 
amide and serotonin. In the first, lysergic 
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acid diethylamide alone had a strong in- 
hibitory effect on self-stimulation; when 
serotonin was administered half an hour 
before the lysergic acid diethylamide in- 
jection, however, there was no effect of 


the latter at all. Finally, bromo-lysergic 
acid diethylamide, which is like lysergic 
acid diethylamide but is supposed not 
to cross easily from the blood into the 
brain, had no inhibitory effect on self- 
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Fig. 17. Eating behavior produced by “rewarding” stimulus. 
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Fig. 18. Differential effects of chlorpromazine. Rectangles show normal response output. 
Black bars show output under influence of chlorpromazine. The animal for which data 
are given at left was almost unaffected by the drug. The animal for which data are given 
at right was almost totally inhibited; the difference is attributed to the more posterior 


position of the electrode in the latter case. 
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Fig. 19. Map showing points where effects of lysergic acid diethylamide on self-stimula- 
tion are antagonized by serotonin and other points where the effects are not antagonized. 
At the points where serotonin fails to protect againt lysergic acid diethylamide, bromo- 
lysergic acid diethylamide has the same effects as lysergic acid diethylamide itself. 


stimulation. In the second case, lysergic 
acid diethylamide had a strong effect 
again. This time, however, serotonin did 
not antagonize the effect, and bromo- 
lysergic acid diethylamide had the same 
effect as lysergic acid diethylamide it- 
self. 

The two effects on self-stimulation are 
mapped in Fig. 19. We see that when 
electrodes are in certain delimited parts 
of the hypothalamus and telencephalon, 
serotonin fails to antagonize the effects 
of lysergic acid diethylamide, and in 
these cases bromo-lysergic acid diethy]l- 
amide has the same effects as lysergic 
acid diethylamide. With electrodes im- 
planted in other clear-cut regions, sero- 
tonin does antagonize the effects of ly- 
sergic acid diethylamide, and these are 
the cases in which bromo-lysergic acid 
diethylamide has no inhibitory effects on 
self-stimulation. Here, again, we have 
evidence of chemical differentiation be- 
tween different parts of the reward 
system. 

In some earlier tests on chlorproma- 
zine and reserpine, a constant and quite 
high voltage level was maintained (16). 
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Striking inhibition of response tendencies 
by reserpine was found when electrodes 
were implanted in the posterior hypo- 
thalamus, but no effects were found 
when electrodes were in the telence- 
phalic region. Later work with gradu- 
ated levels of electric current did not 
show such a sharp differentiation. The 
inhibitory effects of reserpine on self- 
stimulation in the hypothalamus do not 
appear at low voltages but only at very 
high ones. These data indicate that re- 
serpine may selectively lower seizure 
thresholds for stimulation via the pos- 
terior hypothalamus. Petit mal states, 
elicited by stimulation at high voltages 
plus the reserpine, seem to account for 
the seeming inhibitory effect of reser- 
pine on self-stimulation via the hypo- 
thalamus. 


Summary 

My conclusions are these: (i) The 
cells which mediate primary rewarding 
effects are located in a midline system 
running from the midbrain through the 





hypothalamus and midline thalamus and 
into the subcortical and cortical groups 
of the rhinencephalon. (ii) The cell 
groups which mediate primary reward- 
ing effects are different from those 
which mediate primary punishing ef- 
fects. (iii) Despite this relative inde- 
pendence, there are, undoubtedly, rela- 
tionships of mutual inhibition existing 
between these two systems. Rewards do, 
among other things, tend to reduce sen- 
sitivity to pain, and punishments do tend 
to reduce rewarding effects. (iv) These 
primary reward systems of the brain are 
subdivided into specific drive-reward sub- 
systems mediating the specific drives 
such as hunger and sex. (v) Because 
there are also subsystems of this set of re- 
warding structures sensitive to different 
chemical effects, it is reasonable to hope 
that eventually it will be possible to con- 
trol the reward systems pharmacologi- 
cally in cases where behavior disorders , 
seem to result from deficits or surfeits of 
positive motivation. 
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Possible Sources of a 


Lunar Atmosphere 


W. F. Edwards and L. B. Borst 


Although the moon is usually consid- 
ered to have no atmosphere, recent 
observations by the methods of radio 
astronomy are best explained by the 
assumption of a pressure of 10-18 atmos- 
phere. Elsmore (1) reports the occulta- 
tion by the moon of two radio sources. 
In each case the distribution of bright- 
ness is dependent on wavelength and has 
a shape which implies refraction at the 
day side of the moon’s disk. The esti- 
mated electron density is 1000 electroris 
per cubic centimeter, which Elsmore at- 
tributes to an atmosphere “about 2x 
10-18 of that of the terrestrial atmosphere 
at N. T. P. and in no circumstances 
greater than 6 x 10-18” (2). 

As in the case of the earth, it is thought 
that the moon lost volatile materials dur- 
ing the period of formation (3), so that 
the only mechanisms of atmosphere pro- 
duction which can be relied upon are 
those which occur subsequent to the 
process of element formation or planet 
formation. 

The low gravitational field of 167 cen- 
timeters per second per second gives an 
escape velocity of only 2.37 kilometers 
per second, so that gases of low molecu- 
lar weight will not be retained. Kuiper 
(4) suggests that molecules of weight 
less than 60 will be lost during the heat 
of the lunar day (135°C). 

This article evaluates several sources 
of the heavy rare gases krypton and 
xenon, which are thought to be too heavy 
to escape. These sources are (i) sponta- 
neous fission of uranium-238, (ii) fission 
of uranium-235 by thermal neutrons 
from cosmic rays, (iii) thermal fission of 
uranium-235 from the reaction 


O*(a,n) Ne™ 


(iv) xenon production from iodine-129 
produced during the formation of the 
elements, and (v) primeval gases trapped 
in rock, 
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Rate of Escape 


To examine the rate of escape of kryp- 
ton and xenon, formulae derived by 
Spitzer (5) are used. The time ¢, during 
which the particle density would fall by 
a factor of e for an isothermal atmos- 
phere is 


3 
t= er e3V ,2/2C? 
where g is the acceleration of gravity, C 
is the root-mean-square velocity of the 
molecule, and Ve is the escape velocity. 

The assumption of an isothermal at- 
mosphere is well founded, since the mean 
free path at 400°K and at a pressure of 
10-18 atmosphere will be 600 kilometers, 
whereas the height to which a molecule 
with the root-mean-square velocity C 
can ascend against the gravitational field 
will be, at most, 10 kilometers. Collisions 
between molecules will therefore be rare 
events, whereas collisions at the surface 
will predominate. Molecular paths will 
not be straight but will be, rather, ellip- 
tic. Since most molecular collisions will 
be with the surface at a well-defined tem- 
perature, the Maxwellian gas tempera- 
ture will be that of the moon’s surface, 
135°C at the lunar noon. 

Table 1 gives the escape time for 
xenon and krypton at various tempera- 
tures. If the escape time is large com- 
pared with the age of the moon (4.5 x 
10° years), then the gases evolved will be 
retained. Even though “hot spots” with 
temperatures as high as 700°K may de- 
velop, krypton and xenon will not be lost. 


Production Mechanisms 


Spontaneous fission. Uranium-238 is 
known to undergo spontaneous fission 
with a probability of 5.4 x 10-7 per alpha 
decay. While the decay constant is small 
(A=2.7 x 10-24 per second) on a geo- 
logical scale, it cannot be neglected. 

The accumulation of stable fission 


products or a single fission product may 
be represented by the expression 


N= (e*- 1) 


LiNp 
a 
where N, is the number of parent atoms 
remaining at the present time, A, is the 
decay constant giving the desired prod- 
uct, 4 is the decay constant for the dis- 
appearance of the parent, and ¢ is the 
time interval during which the product 

has been accumulating. 

The yields of xenon and krypton from 
the spontaneous fission of uranium-238 
have been measured by Thode (6) and 
by Wetherill (7). The total yield of 
xenon is 15 percent; of krypton, 0.92 per- 
cent. 

Estimates of the uranium content of 
the moon are restricted at the lower 
limit by the uranium content of stony 
meteorites. As an upper limit, the con- 
centration must not be sufficiently high 
to cause melting of the interior. Urey (8) 
concludes that the best value is 0.012 
parts per million by weight for the moon 
as a whole, with possible enrichment by 
a factor of two at the surface. 

The numbers of atoms of krypton and 
xenon generated in surface layers of var- 
ious depths are given in Table 2. The 
assumptions are (i) uniform uranium 
concentration (0.012 micrograms of ura- 
nium per gram); (ii) density of layer, 
3 grams per cubic centimeter; (iii) age, 
4 x 10° years; (iv) no escape of krypton 
or xenon; (v) complete loss of primeval 
rare gases during planet formation. In a 
surface layer 1 centimeter deep, 2.5 x 
1024 xenon, and 1.5 x 10° krypton, atoms 
will be generated. 

If released as a free atmospheric gas, 
the total number of molecules will de- 
pend upon the thickness of the surface 
layer which has been outgassed. The at- 
mospheric pressure at the surface, based 
on the assumption of an isothermal at- 
mosphere, will be related to the total 
number of molecules by the following 
relation: 


_ mgN 
7 4xR. 


where m is the mass of the molecule, g 
is the acceleration of gravity, N is the 
total number of molecules, and R, is the 
radius of the moon. The pressure per 
centimeter of the surface layer outgassed 
will be 9.1 x 10-2 atmosphere for kryp- 
ton and 1.4 x 10-®° atmosphere for xenon. 

Estimates of the degree to which the 
moon will be outgassed depend _inti- 
mately upon the detailed model chosen. 
The stability of the moon’s surface, made 
evident by the existence of numerous 
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Table 1. Escape times for heavy rare gases 
from the moon (in years). 





Temperature (°K) 
Gas wate a 


400 700 1000 


1500 


10% 5x10” 6x10" 4x10° 
Krypton 10% 2x10" 10 2X10" 





Xenon 


craters, precludes continuous outgassing 
of a surface layer by processes similar to 
geological gradation on the earth. Com- 
plete outgassing probably occurred at 
some stage, but this stage would be diffi- 
cult to distinguish from the period of 
planet formation. The total stockpile of 
noble gases in the whole moon produced 
by spontaneous fission in the past 4000 
million years corresponds to a pressure 
of 1.1x 10-12 atmosphere (1.5 x 10°? 
atoms). Ten percent of the total gas ac- 
cumulated in 4000 million years would 
have had to diffuse to the surface to pro- 
duce an atmosphere of pressure 10-15 
atmosphere. 

In the event that there is some segre- 
gation of materials, uranium would un- 
doubtedly be concentrated at the surface. 
Urey suggests twofold or threefold con- 
centration at the surface. With this con- 
centration of uranium, the thickness of 
crust would be perhaps 10 kilometers at 
a very minimum. 

If one identifies certain markings on 
the moon’s surface as cracks produced by 
heating and expansion of the interior, 
these may indicate channels of communi- 
cation between the atmosphere and the 
outer layer. Diffusion through massive 
rock would then not be necessary. 

Radio astronomical observations give 
evidence that the surface of the moon is 
a finely divided dust, and Urey proposes 
pumice as the most probable surface 
rock. It is therefore probable that diffu- 
sion does indeed account for the transfer 
of gases from a limited surface layer. 

It is doubtful, however, whether all 
parts of a layer 10 kilometers deep are in 
continuous communication with the free 
atmosphere. 

The collision of meteors has undoubt- 
edly been responsible for the outgassing 
of the top few kilometers of the moon’s 


surface. The question at issue is: When 
did these cataclysmic events occur? If 
they occurred shortly after formation of 
the planet, insufficient spontaneous fis- 
sion would have occurred. By assuming 
a surface concentration sufficiently above 
the interior, the required amount of gas 
may be released. If, on the other hand 
(but this is not probable), meteoric ac- 
tivity has been uniform and continuous 
up to the present time, there would be 
no difficulty in releasing fission-product 
rare gases to the atmosphere in the re- 
quired quantity. 

Cosmic ray bombardment. Soberman 
(9) reports the total neutron flux on the 
earth from cosmic rays as 5.8 x 1018 
neutrons per second. At the present 
epoch the moon, therefore, receives a 
total flux of 6 x 10*7 neutrons per second. 
The effective total absorption length is 
150 to 200 grams per square centimeter, 
so that the neutrons will be generated and 
absorbed within the first meter of the 
moon’s surface. It is therefore acceptable 
to assume that these fission gases will 
continuously diffuse to the surface to 
form an atmosphere as a consequence of 
thermal cycling during the lunar day. 

This proposed mechanism requires the 
assumption of constant cosmic ray inten- 
sity. It is only possible to say, in this 
regard, that studies involving carbon-14 
seem to confirm this constant intensity 
over a few thousand years. 

While cosmic ray neutrons have initial 
energies of many millions of electron 
volts, in a medium composed largely of 
silicon and oxygen most of them will be 
moderated to thermal energies of a small 
fraction of an electron volt before absorp- 
tion. 

The fraction of neutrons captured by 
uranium-235 to produce fission will be 
determined by the composition of the 
rock and the thermal neutron absorption 
cross sections. This fraction, if one as- 
sumes a composition similar to that of 
the earth’s crust except for uranium, is 
6x 10-8, 

The generation rate at present for 
xenon is therefore 5 x 10° atoms per sec- 
ond for the whole moon. In the past, 
however, the production rate was greater 
because of higher concentration of ura- 


Table 2. Spontaneous fission production of krypton and xenon. 

















Depth of Krypton Xenon 

surface es a sapere ree ; 

layer Total No. Pressure Total No. Pressure 
(cm) of atoms (atm) of atoms (atm) 
10° 1.5 x 10” 9.1x 10 2.5 x 10” 1.4 x 10° 
10* 1.5 x 10” 9.1x 10 2.5 x 10” 1.4 x 10° 
10° 1.5 x 10” 9.1x 10°° 2.5 x 10” 1.4 x 10°* 
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nium-235. The total production of xenon 
is given by the expression 


= Noo nvy ry 
N=SNioi 2 ‘* |) 





where N, is the number of uranium-235 
atoms present today, nu is the neutron 
flux, A is the decay constant for uranium- 
235, and y is the fission yield of noble 
gases (assumed for thermal neutrons on 
uranium-235 to be 25 percent). The 
total number of atoms of rare gas is 
4.9 x 1075 atoms for a period of a billion 
years and 1.5 x 10?* atoms for a period 
of 4x 10° years, a factor of 10,000 too 
small to account for the observed at- 
mospheric pressure of 10-18 atmosphere. 
Alpha-neutron source. An additional 
source of neutrons in geological deposits 
has been reported by Inghram (J0) to 
be produced by nuclear interactions of 
alpha particles from radioactive sub- 
stances. He finds unusual abundances of 
neon-21, neon-22, and argon-38 in ura- 
nium and thorium minerals and attrib- 
utes them to the following reactions: 


O*(a,n) Ne™ 
F*(a,n) Na” 

Na™ + e —> Ne*(Ti/2= 2.6 years) 
Cl*(0,p) Ar® 


If uranium is in an environment high 
in oxygen, the O18 (a,n) reaction would 
predominate. The neutron yield in nor- 
mal oxygen from polonium alpha rays is 
reported by Roberts (JJ) to be 3 x 10-5 
neutron per alpha particle. Morrison 
(12) quotes yields, in typical rocks, 
which reflect the energy of the various 
alpha particles in the radioactive series, 
of 1x10 neutron per alpha particle 
for uranium and 2x 10°° neutron per 
alpha particle for thorium. With eight 
alpha particles per uranium atom, the 
rate of production of xenon from fission 
of uranium-235 is 10-® times the rate 
from spontaneous fission. 

Even five billion years ago, when the 
abundance of uranium-235 was 100 times 
its present abundance, thermal neutron 
fission did not compete with spontaneous 
neutron fission. 

Decay of iodine-129. Iodine-129 is un- 
stable, with a measured half-life of 1.7 x 
107 years (13), decaying into xenon-129. 
Previous speculations (73) concerning 
excess xenon-129 in the earth’s atmos- 
phere have been directed to determining 
the interval between the formation of the 
elements of which the solar system is 
composed and the establishment of a 
gravitational field capable of holding the 
earth’s atmosphere. 

On the assumption of an original iso- 
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topic abundance of iodine-129 equal to 


‘that of iodine-127 of 0.014 per 10,000 


atoms of silicon (J/4) and of a composi- 
tion of the moon approximately that of 
the earth’s mantle, there should be 5.6 x 
1083 atoms of iodine-127 per centimeter 
of surface layer. The same number of 
atoms of iodine-129 should originally 
have been present. 

If the observed atmosphere consists 
of 4 x 108! atoms of xenon-129, this must 
once have been iodine-129, in a surface 
layer which has been outgassed after 
radioactive decay to xenon. Under the 
assumption that the astronomical body 
as we know it was formed immediately 
after the formation of the elements, the 
layer required to produce the present at- 
mosphere is 0.015 centimeter. In view 
of the cataclysmic processes which pro- 
duced the craters, this is an unrealisti- 
cally small surface layer. 

The other extreme assumption is the 
release of all xenon and the loss, through 
escape, of all but 4 x 10-1° of the original 
xenon-129. This requires communication 
with the interior several tens of millions 
of years after element formation, since 
this interval is required to permit the 
decay of the iodine. It is doubtful 
whether a model could be devised, which 
resembles the moon, which would permit 
of total degassing. With present values 
of the surface temperature and gravita- 
tional field, no mechanism seems to be 
available for the escape of these heavy 
gases, 

On the basis of different thicknesses 
of the surface layer, which has been com- 
pletely outgassed, values of the interval 
between element formation and the cre- 
ation of the astronomical object in its 
present form may be derived and are 
shown in Table 3. 

After planet formation for a period of 
at least 107 years, a mechanism must 
exist for outgassing the surface layer. It 
would be surprising if collisions with 
meteors, responsible for the craters, did 
not occur over such a period. 

If we assume the maria to represent 
melted (and outgassed) rock, and if we 


Table 3. Relation between surface layer 
outgassed and interval between element 
formation and satellite formation. 








Depth of 
surface layer t X 10° (years) 
(cm) 

1 1.2 

10 1.8 

10° 2.9 

108 4.0 
L710 5.6 
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Table 4. Estimate of concentrations of rare gases in lunar rock, based on concentration 
in terrestrial rocks. 














Depth of Krypton Xenon 
surface Se eee - eas 
layer on Total No. Pressure Total No. Pressure 
moon (cm) of atoms (atm) of atoms (atm) 
10° 10” 6x10" 7X10” 6x 10 
10° 10* 6x10" 7x 10” 6x10” 
10* 10° 6x 107 7x 10% 6x10” 


assume the outgassing of the fragmented 
debris from the collision, an estimate can 
be made of the depth of excavation rep- 
resented by present craters. A value be- 
tween 10* and 10° centimeters would ap- 
pear probable. 

On this basis, the period of satellite 
formation would appear to be 4x 108 
years, during which time a low gravita- 
tional field and perhaps turbulent dif- 
fusion combined to rid the material of 
all rare gases. After establishment of a 
body with the present gravitational field 
and poor communication with the in- 
terior, the surface layer was disturbed 
and outgassed for a period of at least 
the order of a half-life. Thereafter, the 
body may have been completely quies- 
cent. These conclusions would appear to 
agree with the analysis of Urey concern- 
ing the sequence and duration of events 
in the early history of the moon. 

Primeval gases. If there were no me- 
chanism for producing krypton and 
xenon, some primeval gas might still be 
present. An analysis of the concentrations 
in the atmosphere and rocks of the earth 
may give some rough magnitudes for the 
moon. The assumptions on which the 
extrapolations are based are: (i) the 
earth and moon have a common origin; 
(ii) xenon and krypton do not enter into 
chemical combination; (iii) on the basis 
of present assumptions relative to the 
temperature and mass of the moon, neg- 
ligible amounts of the gases are currently 
lost. It is felt that if the physical states 
of temperature, mass, and material do 
not differ too greatly, the following fig- 
ures may hold. 

Brown (/5) has inferred that the rare 
gases escaped during planet formation 
by comparing amounts found in, the 
earth’s atmosphere with estimates of the 
universal abundance. He has measured 
the concentration of neon and argon in 
the atmosphere, in natural gases, and in 
rocks, as well as the concentration of 
krypton and xenon in atmosphere and 
natural gases. He infers that 1.6 x 10-™ 
and 2x 10-12 are the abundances, by 
weight, of krypton and xenon in rock. 
If these concentrations are assumed for 





lunar rock, the values in Table 4 result. 

For reasonable values of the layer ex- 
cavated by meteors (i0* to 10® centi- 
meters), the predictions exceed observa- 
tions by a factor of more than 100. It is 
certainly permissible to assume increased 
loss of rare gases, by the necessary factor, 
over the loss occurring on the earth. 
However, samples studied on earth have, 
at one or more times, been affected by 
geological processes in the surface layer 
of the crust and may well have received 
their rare gases from the atmosphere. 
These occluded gases may not, therefore, 
be primitive in the sense that their his- 
tory is independent of the earth’s atmos- 
phere. 

The only other cosmic material we can 
subject to analysis is meteoritic material, 
which contains no measurable quantities 
of rare gases. It is therefore difficult to 
decide whether the analogy of the moon 
with the earth or of the moon with mete- 
orites is the more valid. 


Discussion 


Three mechanisms appear to be ade- 
quate to account for the radio astronomy 
observations: (i) spontaneous fission of 
uranium-238, (ii) xenon-129 from io- 
dine-129, (iii) primeval gases. A priori 


Table 5. Composition of lunar atmosphere 
(by volume). 








Spon- : Pri- 
Gas taneous — c-  meval 

fission gas 
Krypton-78 0.003 
Krypton-80 0.021 
Krypton-82 0.118 
Krypton-83 0.002 0.108 
Krypton-84 0.007 0.530 
Krypton-86 0.047 0.162 
Xenon-124 0.000006 
Xenon-126 0.000006 
Xenon-128 0.0013 
Xenon-129 0.0007 1.0 0.018 
Xenon-130 0.0027 
Xenon-131 0.029 0.0143 
Xenon-132 0.224 0.0182 
Xenon-134 0.314 0.0071 
Xenon-136 0.378 


0.006 
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spontaneous fission is a certain mecha- 
nism which is quantitatively insufficient. 
However, by assuming sufficient segre- 
gation of uranium in the surface layer, 
this defect can be corrected. The mech- 
anism involving residual primeval gases 
is based on analogy with the earth and 
is quantitatively too large. If a cor- 
rection factor is applied to this mecha- 
nism, there is no good reason for not ac- 
cepting data from meteors, which give 
values much too small. 

The previous existence of iodine-129, 
while a matter of speculation, is well 
founded on present theories of element 
formation. If we accept this assumption, 
it is then possible to estimate the interval 
between element formation and the for- 
mation of the satellite in its present state. 
The interval of 4x 108 years would not 
appear to be contradicted by other ob- 
servations. 


The three alternatives lead necessarily 
to explicit predictions of the composition 
of the linar atmosphere. These are given 
in Table 5. If iodine-129 is alone respon- 
sible, there will be only xenon-129; if 
spontaneous fission, there will be 5 per- 
cent krypton and 95 percent xenon; if 
primeval gases, 93 percent krypton and 
7 percent xenon. 

It would appear that only a gas sample 
would make it possible to distinguish be- 
tween the alternatives. Since the scale 
height is only a few kilometers, it is not 
probable that initial grazing rocket orbits 
would come sufficiently close to permit 
the collecting of a gas sample. 
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Louis Pillemer, Immunochemist 


The sudden death of Louis Pillemer, 
on 31 August 1957, came at a time when 
he had just received wide recognition for 
his work in the field of immunochem- 
istry. 

Dr. Pillemer was born in Johannes- 
burg, Union of South Africa, in 1908, 
the son of Lithuanian parents. He was 
brought to the United States at the age 
of one and was naturalized in 1916. Al- 
though he had none of the aids which 
position and wealth can bestow, he man- 
aged to complete his undergraduate 
studies, in Kentucky, and received his 
B.S. degree at Duke University in 1932. 
While at Duke he came under the in- 
fluence of the late W. A. Perlzweig, who 
stimulated his interest in biochemistry. 
On the advice of Perlzweig he came to 
Western Reserve University in 1935 to 
continue his studies, working toward a 
Ph.D. degree, with emphasis in immu- 
nology and biochemistry. While Pillemer 
was at Duke University he became in- 
terested in Perlzweig’s attempts to purify 
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and to crystallize the enzyme urease. It 
was then a logical step to continue this 
work and to study the immunological 
specificity of the crystallized urease. This 
work became the basis for his doctoral 
thesis, in 1938. It was entitled, “Chemi- 
cal and Immunologic Studies on the Ef- 
fects of Radiant Energy and of Oxida- 
tion on Crystalline Urease.” 

During his studies in my laboratory at 
the Institute of Pathology, Western Re- 
serve University, Pillemer’s great interest 
in immunology was readily discovered 
and fired. He showed great capacity for 
absorbing and retaining information as 
well as for sustained concentration at the 
laboratory bench. He also possessed in- 
ductive and deductive potentialities, the 
latter being dominant. In addition, ‘“e 
had the ability to spend two and even 
three consecutive nights in the laboratory 
in order to complete a given unstable 
preparation, and it was not uncommon 
for him to do so. During this time he 
rose from the position of demonstrator of 
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immunology (1938-39) to that of asso- 
ciate professor of immunochemistry 
(1946-50), and to that of professor of 
biochemistry in 1950. Throughout these 
years, Pillemer’s time was devoted pri- 
marily to research. 

Early in his career at Western Reserve 
he showed great interest in our work on 
the elusive factor called “complement,” 
an interest he maintained to the last days 
of his life. Realizing the need for more 
knowledge of protein separation, and be- 
ing aware of the beautiful studies then 
under way in the laboratories of E. J. 
Cohn at Harvard, we decided, after con- 
sultations with Cohn, to send Pillemer 
to Boston to learn the basic techniques 
of the Harvard group. Before he left for 
Boston we were able to show, in collabo- 
ration with Chase Breeze Jones, that the 
complement complex was bound to cer- 
tain globulins of the serum, but the 
newer methods of the Boston workers 
led to the separation and characteriza- 
tion of two of the four components of the 
complement complex. 

In 1944 Pillemer was called to mili- 
tary service and was attached to the 
Army Medical School in Washington, 
D.C. Upon his discharge, he returned to 
Cleveland and undertook the problem of 
the purification of certain bacterial tox- 
ins. The support for these studies came 
first from John Wyeth and Sons of Phila- 
delphia and then from Lederle Labora- 
tories Division, in New York. By 1946, 
Pillemer, in collaboration with Wittler, 


SCIENCE, VOL. 127 





ar 
ce, 
53 


Sse 


m. 


ind 


rve 

on 
oe 
ays 
ore 
be- 
hen 


on- 
ner 
ues 

for 


the 
cer- 
the 
cers 
iza- 


the 


rili- 
the 
ton, 
1 to 
a of 
tox- 
ame 
ila- 
ora- 
146, 
tler, 


. 127 





Burrell, and Grossberg, succeeded in 


purifying tetanus toxin to the point of 
crystallization and with high yields in 
toxicity. Concurrently, Lamanna and his 
associates, and Abrams and his asso- 
ciates, succeeded in crystallizing the 
toxin of Clostridium botulinum (A). 
These two toxins were, therefore, the 
first to be crystallized. 

Purification work was extended to 
formaldehyde-detoxified tetanal and 
diphtherial toxoids. Partially purified 
preparations of these immunizing agents 
soon became commercially available and 
were also incorporated into diphtheria- 
pertussis-tetanus “triple vaccine.” It was 
a natural extension of these studies to at- 
tempt to isolate the protective antigen 
of Hemophilus pertussis in order that it 
might be used to supplant the killed- 
organism vaccine then available. In col- 
laboration with Blum and Lepow, Pil- 
lemer separated the antigen by a novel 
procedure involving sonic disintegration 
of the organisms followed by adsorption 
of the protective antigen on human red 
cell stromata. This preparation was 
highly effective in protecting mice 
against H. pertussis in the intracerebral 
challenge test. Furthermore, a_beauti- 
fully planned and executed field trial, 
conducted by the British Medical Re- 
search Council, has demonstrated the 
efficacy of the Pillemer antigen in pro- 
tecting human beings against whooping 
cough. 

The importance of the isolation of the 
protective antigen of H. pertussis tran- 
scends its possible use in a purified “tri- 
ple vaccine.” This work has made it pos- 
sible to show that the protective antigen 
is distinct from other, previously impli- 
cated, antigens, such as agglutinogen; 
that the protective antigen does not give 
rise to a demonstrable circulating anti- 
body (this finding rules out any protec- 
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tive effect of agglutinin and other, pre- 
viously implicated, antibodies) ; that the 
mouse intracerebral challenge test, while 
“unphysiological,” is a valid assay for 
establishing the potency of pertussis vac- 
cines; and finally and perhaps most im- 
portant, that the mechanism of immun- 
ity in H. pertussis and related infections 
remains to be explained. 

By 1954 Pillemer had returned to our 
old problem on complement and, to- 
gether with his associates—Blum, Lepow, 
Ross, Todd, and Wardlaw—made an im- 
portant contribution in the field of natu- 
ral immunity by demonstrating the exist- 
ence of, and by isolating, a new serum 
protein named “properdin” and by dem- 
onstrating its role in immune reactions. 
These workers found that properdin, in 
conjunction with complement and Mg*+, 
participated in the destruction of certain 
bacteria, protozoans, and abnormal red 
cells, as well as in the inactivation of cer- 
tain viruses. This new protein was found 
in normal human and other mammalian 
sera and appeared to be involved in in- 
fection and resistance. There was indeed 
shown to be a relationship between the 
properdin level and the resistance or sus- 
ceptibility of experimental animals to 
infection. Properdin was purified and 
characterized as a euglobulin with an iso- 
electric point between pH 5.5 and 5.8. 
It was shown to contain lipid, carbo- 
hydrate, and phosphorus and, in the hu- 
man being, to comprise not more than 
0.02 percent of the normal serum pro- 
teins. A unit of this agent contains not 
more than 0.5 microgram of protein 
nitrogen. The molecular weight of pro- 
perdin is over 1,000,000. Properdin was 
shown to differ from antibody in that it 
combined with various and unrelated 
substances. For its function it appeared 
to require the various components of the 
complement complex. Pillemer, then, 


considered properdin to be a primordial 
form of antibody. 

Since properdin was originally ob- 
tained after adsorption to an insoluble 
polysaccharide (zymosan) derived from 
yeast cell walls, a logical extension of 
these studies was the observation of 
whether or not polysaccharide complexes 
of microbial and mammalian origin 
would combine with properdin and 
thereby alter properdin levels in vitro 
as well as in vivo. This work was done 
by Pillemer together with Schoenberg, 
Blum, and Wurz; with Ross; and with 
Landy and other collaborators. The ac- 
tive polysaccharides contained both al- 
pha and beta linkages, furanosidic and 
pyranosidic units, and interhexose link- 
ages of 1.4, 1.6, 1.3, 2.1, and 2.6 types; as 
well as combinations of these within the 
same component. The properdin system 
thus comprised: (i) properdin; (ii) com- 
plement or factors resembling comple- 
ment; and (iii) magnesium ions. Its pri- 
mary role appeared to be in the natural 
defensive system of the host. Time will 
clarify this function. 

Pillemer belonged to many scientific 
organizations, among them, the Interna- 
tional Society of Hematology. In 1956 
he received the R. E. Dyer lectureship 
award, in Washington, D.C. 

He was an incorrigible individualist 
and cared little for honors. His only 
“hobby” was the elucidation of the bio- 
chemical aspects of immunology. He 
knew what he was looking for! Bernard 
once stated that “he who does not know 
what he is looking for will not lay hold 
of what he has found when he gets it.” 
His contributions were the result of devo- 
tion to his field and of an unflagging in- 
dustry. 

E. E. Ecker 
Institute of Pathology, Western 
Reserve University, Cleveland, Ohio 
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News of Science 


Explorer 


The United States launched its first 
earth satellite, “Explorer,” at 10:48 p.m. 
on 31 January, from Cape Canaveral, 
Florida. The 30.8-pound space vehicle, 
which circles the earth every 115 min- 
utes, is a tube 6 feet, 8 inches long and 
6 inches in diameter. It is traveling at 
approximately 18,000 miles an hour in 
an elliptical orbit that has an apogee of 
1587 miles and a perigee of 219 miles. It 
is carrying instruments for measuring 
temperature, cosmic rays, and the fre- 
quency of meteorite particles. Informa- 
tion is received from the satellite over 
two radio transmitters that emit a sus- 
tained, though varying, high-pitched sig- 
nal. The higher powered of the transmit- 
ters, which has an output of 0.06 watt, 
can be heard by anyone on a frequency 
of 108.03 megacycles and is expected to 
last for two or three weeks. The second 
transmitter operates with a power of 0.01 
watt at 108 megacycles. It probably can- 
not be heard by amateurs; however, it 
should last two or three months because 
it consumes so little power. 

Sputniks I and II, The American 
launching comes 4 months after the 
U.S.S.R. placed the first earth satellite, 
sputnik I, in orbit on 4 October 1957, 
and then sent sputnik II aloft about a 
month later. Sputnik I, which disinte- 
grated on 4 January, was a 22-inch 
sphere that weighed 184 pounds, reached 
a maximum altitude of 560 miles, had 
an initial period of 96 minutes, and 
lasted 3 months. Sputnik IT is rocketlike 
in shape, weighs 1120 pounds, reached a 
maximum altitude of 1056 miles, had an 
initial period of 103 minutes, and is ex- 
pected to last for about 5 months. It con- 
tained a live dog when it was fired. 

Launching vehicle. Explorer was 
launched with the Army’s four-stage 
Jupiter-C rocket. This is a specially 
adapted version of the Army Redstone, 
an artillery weapon that is a descendant 
of the Nazi V-2 missile of World War IL. 
Ordinarily the Redstone is fueled with 
oxygen and alcohol, but for the satellite 
firing liquid oxygen and a new propel- 
lant called “hydyne” were used. Hydyne 
is considered a major development in the 
field of high-power rocket fuels. It was 
produced by Rocketdyne, the California 
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firm that built the Jupiter's motors. 
Wernher von Braun, chief of the Army 
Ballistic Missile Agency’s development 
operations, and formerly rocket special- 
ist for Germany, was primarily respon- 
sible for the successful launching. He de- 
scribed it as follows. 

The first-stagé Redstone, with its 
78,000 pounds of thrust, lifted the 70- 
foot, 65,000-pound missile assembly to an 
altitude of 53 miles in 145 seconds. With 
its fuel exhausted, the first stage dropped 
off, leaving the three other stages, con- 
sisting of clusters of small solid-propel- 
lant rockets, to coast on up to an alti- 
tude of about 212 miles. For guidance, 
the last three stages were set spinning on 
take-off. As they coasted upward, the 
final three stages gradually arched over 
until they were moving parallel to the 
earth’s surface. At this point, 405 seconds 
after take-off, a remote control button 
was pushed on the ground, firing the 
three stages in rapid succession and ac- 
celerating the satellite to the orbital 
speed of 18,000 miles an hour. The Ex- 
plorer then went whirling off into space 
at a rate of about 700 revolutions a 
minute. 

Explorer was sent up at an angle of 35 
degrees to the equatorial plane so that 
the earth’s rotation would give the 
launching rocket maximum assistance as 
it rose into space. The two sputniks were 
inclined to the equator at angles of about 
65 degrees. The much shallower inclina- 
tion of the Explorer’s orbit, now calcu- 
lated at 33 degrees at the equator, means 
that the American satellite probably will 
not pass over the Soviet Union. 

Visual tracking. Because of its narrow 
silhouette, Explorer will be more diffi- 


cult to see than the Soviet satellites. Ac-’ 


cording to Fred L. Whipple, director of 
the Smithsonian Astrophysical Observa- 
tory and head of this country’s visual 
tracking program, there is a 6-degree 
daily regression to the west in the orbit 
of Explorer. This will bring it low 
enough to be visible to the naked eye in 
the Northern Hemisphere in about 9 
months. Whipple says that it will be vis- 
ible without instruments in the Southern 
Hemisphere in the next 3 months. He 
reports that the principal visual tracking 
will be done with high-powered tele- 
scopes at four American stations and at 





two in South Africa. The stations are at 
Yuma, Ariz.; China Lake, Calif.; Albu- 
querque and Alamagordo, N.M.; and 
Bloemfontein and Capetown, Union of 
South Africa. 

History.. The plan for launching an 
artificial satellite with a multistage sys- 
tem of the Jupiter-C variety dates back 
to June of 1954. At that time a group of 
civilian and military scientists, including 
von Braun, met in Washington and 
agreed that a 5-pound vehicle could be 
sent aloft soon by using the Redstone for 
a first stage and clusters of Loki rockets 
for three other stages. The group laid 
plans for a joint venture, Project Orbiter, 
under which the Army was to provide 
the missiles, the Navy was to provide the 
satellite and instruments, and the Air 
Force was to help with logistics. How- 
ever, it was never possible to muster 
enough support to put Project Orbiter 
into effect, partly perhaps because of 
interservice rivalries. 

Help in stimulating Government in- 
terest in satellites came with the matur- 
ing of plans for the International Geo- 
physical Year, to run from July 1957 
through December 1958. In October 
1954 a special IGY committee asked 
participating governments to consider 
launching satellites during the 18-month 
period. In the spring of 1955 the Admin- 
istration responded, and a committee of 
nine scientists was created to study pro- 
posals put forward by the three services. 
The Presidential decision for the Navy’s 
Project Vanguard, which was to be 
purely scientific, was announced in July 
1955. 

Largely overlooked at the time was 
the fact that 3 months earlier the Soviet 
Union had announced a similar satellite 
project. The United States and the 
U.S.S.R. have shown one particularly 
significant difference in the administra- 
tion of their outer space research. In this 
country the satellite program has been 
entirely separate from the missile pro- 
gram, and of much lower priority. The 
Russians, on the other hand, developed 
their satellite launching vehicle as part 
of their military rocket program. 

The first rocket firing connected with 
Project Vanguard, which has _ been 
badly hampered by lack of funds, took 
place in December 1956. The rocket was 
a Viking, and the test demonstrated that 
there was serious trouble with compo- 
nents intended for the Vanguard vehicle. 
As it became evident that Vanguard 
would be ready later than expected, pres- 
sure developed within the Administration 
to permit the Army to use a Jupiter-C 
to launch a satellite. When the Soviet 
Union put up sputnik I, the pressure 
grew more intense, and when sputnik II 
was announced the Administration gave 
in. Nevertheless, the Vanguard was to 
have first chance at a launching, and on 
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6 December an unsuccessful attempt was 
made at Cape Canaveral. Another test 
on 27 January had to be called off within 
14 seconds of time zero because of trou- 
ble with the second stage. 

The three-stage Vanguard rocket is 
72 feet in over-all length, with a maxi- 
mum diameter of 45 inches. It has an 
initial thrust of 27,000 pounds and its 
payload is a globular, 21-pound satellite. 
Von Braun said in a public statement re- 
cently that the Vanguard is superior to 
Jupiter-C, and that the Vanguard satel- 
lite will be pushed by a rocket needing 
only one-third of the thrust and take-off 
weight of the more cumbersome Jupi- 
ter-C. He commented that Vanguard is 
at a disadvantage because it is such an 
advanced rocket: 

“Tt is so sophisticated that it is a little 
difficult to get it off. Ours is based on 
e'der and more proven components. . . . 
Ours is a little more obsolete.” 

Not long ago von Braun told the 
Senate Preparedness Subcommittee that 
it would take this country 5 years to 
catch up with the Russians in rocketry. 


Bill to Establish 
AEC Outer Space Division 


Proposals to give to the Atomic En- 
ergy Commission the job of building 
nuclear powered space vehicles are in- 
corporated in a bill introduced in the 
Senate on 23 January by Sen. Clinton 
P. Anderson (D, N.M.). The bill would 
amend the Atomic Energy Act to permit 
the AEC to add to its current responsi- 
bilities responsibilities for the necessary 
research, construction, and operating 
facilities with which to achieve peaceful 
control of outer space and interplane- 
tary travel. Anderson, who is vice chair- 
man of the Joint Committee on Atomic 
Energy and chairman of its Subcommit- 
tee on Outer Space Propulsion, points 
out that by placing the project within 
the framework of the AEC, the principle 
of civilian control would be retained and 
emphasis on peaceful application of 
knowledge assured. 

The bill would create a Special 
Outer Space Advisory Committee of 
seven members to be appointed from 
civilian life by the President, with the 
advice and consent of the Senate. The 
bill proposes to establish within the 
AEC a Division of Outer Space Devel- 
opment which would administer the 
AEC’s activities in this field. The Com- 
mission would be required to use to the 
fullest practicable extent existing Gov- 
ernment atomic laboratories and to re- 
tain full authority for the “planning, 
direction and overall budget control” 
for the program and its projects. To get 
underway, the bill would authorize the 
appropriation of $50 million “to finance 
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initial operations and construction” to 
carry out provisions of the amendment. 
The bill would “authorize and direct” 
the AEC to accelerate research and de- 
velopment on outer space propulsion 
and to negotiate and execute with gen- 
eral policy guidance of the State De- 
partment, an agreement with cooperat- 
ing nations for the establishment of and 
participation in an International Lab- 
oratory for Outer Space Propulsion. 


Antarctic Ice Drilling 


The deep drilling project at the IGY 
Byrd Station in Antarctica passed the 
1000-foot mark on 26 January, according 
to a report by the IGY Committee of the 
National Academy of Sciences. Ice cores 
taken from this drill hole preserve in 
their annual layers clues to antarctic cli- 
mate reaching back many centuries. 

The deep drilling program is being 
conducted for the IGY by personnel from 
the Army Snow, Ice and Permafrost Re- 
search Establishment of the Corps of 
Engineers. Development of techniques 
and equipment for deep drilling to ob- 
tain undisturbed cores was inaugurated 
on the Greenland Icecap in 1956 and was 
continued and improved in 1957. Deep 
drilling at the Byrd Station was begun 
last December. 

A modified Failing “1500” drill rig 
and specially-designed core barrels and 
bits are being used. Ice cuttings are re- 
moved from the drill hole by compressed 
air that has been specially cooled to the 
required temperature so that the core 
sample will not be melted. Extreme care 
must be taken to avoid shattering of the 
ice cores when they are removed from the 
great pressure which exists at depths over 
several hundred feet. 

Equipment for the Byrd Station proj- 
ect was brought in by over-land traverse 
from Little America, 647 miles away. 
Some equipment was dropped by para- 
chute. 

Because of the relatively small annual 
accumulation of snow in Antarctica, ice 
at 1000 feet below the surface at Byrd 
Station is roughly equal in age to ice at 
the 2000-foot level in Greenland. How- 
ever, the antarctic cores are more diffi- 
cult to date. In Greenland, the annual 
layers of snow are generally marked by 
a thin crust of refrozen summer melt. 
The age of a core can then be read as 
one reads the age of a tree by its annual 
rings. In the Antarctic, the annual layers 
are thinner and more closely packed, and 
there is often little or no summer melt. 
Careful chemical analysis may be needed 
to date the deep-lying cores. 

The Byrd Station cores will be broken 
into 3-inch units for density measure- 
ments, visual examination, and deter- 
mination of yearly accumulation when- 


ever possible. Microscopic examination 
and photography of thin sections of ice 
at different depths will permit studies of 
crystal structure and more accurate rela- 
tion of age to depth. Selected portions of 
the cores are to be melted and filtered 
for study of the minute particles and 
primitive organisms that may have been 
trapped in the ice for hundreds of years. 

Volcanic ash from the eruption of Kat- 
mai in 1912 has been found in cores taken 
from the Greenland ice, and it is ex- 
pected that similar ash and other matter, 
perhaps from much earlier periods, will 
be found in the Byrd Station cores. A 
similar drilling project is planned for the 
Ross Ice Shelf in the latter part of this 
year. 


Science Talent Search 


Forty high school seniors were re- 
cently named winners in the 17th annual 
Science Talent Search, which this year 
attracted a total of 25,039 applicants, 
the largest number in the history of the 
competition. Each of the winners, 8 girls 
and 32 boys, has been awarded an all- 
expense trip to Washington, where they 
will compete for $34,250 in scholarships 
and awards during a 5-day Science Tal- 
ent Institute beginning 27 February. 

In this year’s search, New York con- 
tinued to lead all states in the number 
of winners produced—eight boys and 
one girl. Six of the nine come from New 
York City and vicinity. Illinois and Cali- 
fornia tied for second place with four 
each. Massachusetts placed third with 
three. 

Begun in 1942, the Science Talent 
Search is conducted by Science Clubs 
of America through Science Service. The 
Westinghouse Educational Foundation, 
supported by the Westinghouse Electric 
Corporation, provides the awards and 
makes the Science Talent Search finan- 
cially possible. Because of an expanded 
grant from the Westinghouse Educa- 
tional Foundation, the total value of the 
scholarships and awards presented this 
year will amount to more than triple the 
$11,000 distributed each year in the past. 


Underground Nuclear Test 


The Atomic Energy Commission has 
reported that the yield of the deep 
underground nuclear test conducted at 
the AEC Nevada Test Site in September 
1957 was 1.7 kilotons [Science 126, 200 
(2 Aug. 1957); 126, 554 (20 Sept. 
1957)]. Heretofore, data on such tests 
have been highly classified. Now the 
AEC has released full details for the 
benefit of seismologists, geophysicists, 
and geologists. 

The shot was detonated at 09 hours, 
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59 minutes, 59.45 seconds Pacific Day- 
light Time (16:59:45 GCT) on 19 Sep- 
tember at the end of a tunnel about 2000 
feet long dug horizontally into the side 
of a mesa at the northern edge of the 
Yucca Basin. The explosion took place 
in a layer of volcanic tuff. The coordi- 
nates of the detonation point were: lati- 
tude 37° 11’ 44.8” N., longitude 116° 
12’ 11.3’ W., elevation 6615 feet above 
mean sea level. The vertical distance 
from the detonation point to the mesa 
surface was 899 feet, and the slant dis- 
tance to the side of the mesa was ap- 
proximately 800 feet. 


Grants, Fellowships, and Awards 


Jet Propulsion. The Daniel and Flor- 
ence Guggenheim Foundation has an- 
nounced that from 18 to 20 Daniel and 
Florence Guggenheim fellowships will 
be awarded in 1958 to outstanding grad- 
uate students residing in the United 
States and Canada for study at the 
Daniel and Florence Guggenheim Jet 
Propulsion Centers at Princeton Univer- 
sity and California Institute of Technol- 
ogy, and at the Institute of Flight Struc- 
tures at Columbia University. The 
awards carry stipends of $1500 to $2000 
each, plus tuition. Application forms are 
available at each of the institutions 
named and at the Daniel and Florence 
Guggenheim Foundation, 120 Broadway, 
New York, N.Y. 

Radiation. A David Anderson—Berry 
Medal, together with a sum of money 
amounting to not less than £100, will be 
awarded in 1958 by the Council of the 
Royal Society of Edinburgh for recent 
work on the effects of x-rays and other 
forms of radiation on living tissues. Pub- 
lished work will be taken into considera- 
tion if it is submitted to the society with 
the application. In addition to direct ap- 
plication for the prize, proposals may be 
made on behalf of others. Applications 
and proposals must be received before 31 
March by the General Secretary, Royal 
Society of Edinburgh, 22,24 George St., 
Edinburgh 2, Scotland. 


Lilly Converts to Metric System 


In January 1957 Eli Lilly and Com- 
pany, pharmaceutical firm in Indian- 
apolis, Ind., discontinued the avoirdu- 
pois system of weights and measures 
and converted all operations to the 
metric system. The United States and 
Great Britain are the only civilized 
countries in the world which still have 
not adopted the metric system for com- 
mercial use, despite the simplicity of 
calculation it provides. 

Thomas Jefferson recognized the ad- 
vantages of the metric system as long 
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ago as 1790 and recommended that 
Congress introduce the system in this 
country; Congress failed to act. John 
Quincy Adams made -a similar unsuc- 
cessful proposal to Congress in 1821, 
and it was not until 1866 that legisla- 
tion was passed that made the metric 
system legal. 

In the October 1957 issue of the 
Hoosier Purchasor, Lilly spokesmen de- 
scribe the company’s conversion to the 
metric system as follows: 

“We found the 90-year-old roots of 
the avoirdupois system quite difficult to 
sever. . . . [However,] there was enough 
agitation among our scientific personnel 
to cause management to decide that it 
might be advantageous if the entire 
plant operated on only one weights and 
measures system instead of the five sys- 
tems in existence—metric, avoirdupois, 
apothecary, avoirdupois and apothecary 
combined, and decimal avoirdupois. 

“This led to the establishment of a 
committee with all groups concerned 
represented. The committee was under 
no pressure . . . allowing ample time 
to study all phases of the program 
thoroughly over a period of several 
years. 

“One of the first actions of the com- 
mittee was to request that a half dozen 
formulas in each product group, that is 
ampoules, tablets, liquids, capsules, ctc., 
be revised to show both avoirdupois and 
metric on the manufacturing formula 
used in dispensing and production... . 
When our men in the dispensing group 
saw that instead of measuring out 1 gal- 
lon, 2 pints, 3 fluid ounces, 2 fluid drams, 
and 50 minims of a liquid they would 
merely have to measure 4920 cc. in 
the metric system, they were sold at 
once. ... 

“One problem the committee had to 
face was how to accomplish such a con- 
version program economically. We had 
about 2500 manufacturing formulas . . 
which required revision. . . . The ap- 
proximate cost of a revision .. . is about 
$50. Therefore, to revise all formulas 
to metric, specifically for that purpose 
alone, the cost would have been nearly 
$125,000. . . . Finally it was decided 
that all manufacturing formulas would 
be rewritten to show both the avoirdu- 
pois and the metric systems. Under this 
setup the use of the avoirdupois system 
would be dropped at the time of con- 
version to metric, but the avoirdupois 
figures would still show on our formulas. 
However, the rewriting was only to be 
done when the formula came up for a 
routine revision, such as a change in lot 
size, an alteration of the manufacturing 
process, [or] a change in assay standards. 
. . . This was, therefore, a very long- 
range program to convert our formulas 
to express both systems; but we could 
also assume that it would not cost $125,- 





000. We established a target date of De- 
cember, 1956, for the completion of this 
formula revision phase and were able to 
meet this date. . 

“As for the purchasing department, 
we found it was very interesting to at- 
tempt to develop sources which would 
supply us in metric. ... With only minor 
exceptions, our suppliers rallied to the 
challenge and began shipping packages 
in even metric packages or in standard 
avoirdupois packages with the metric 
conversion stenciled on each container. 
They also complied with our request to 
invoice in metric. We found that we 
were not able only to receive fine chem- 
icals in metric, but also carloads of 
heavy chemicals and tank trucks of sol- 
vents, corn syrup, and acids. . . . We 
now estimate that greater than 90% of 
our chemical raw materials are coming 
to us in metric. ... 

“In addition to soliciting cooperation 
verbally through sales representatives, 
we prepared an “Important Progress 
Announcement” which was attached to 
each purchase order. . . . As an aid 
to suppliers, we prepared conversion 
charts for their use. We sent over 100 
of these to one company alone. ... 

“Based on our successful venture, we 
can see no reason why other industries 
should not take a serious look at the 
many advantages of the metric system. 
We will be happy to help anyone toward 
this goal in any way that we can.” 


Foreign Technical 
Information Center 


A Foreign Technical Information , 


Center is being established within the 
Department of Commerce to collect, 
evaluate, and distribute valuable foreign 
scientific and technical literature for the 
use of American scientists and engineers. 
To finance prompt action on the new 
project, the department is requesting 
a special Congressional appropriation of 
$300,000. (In addition, the President’s 
budget for 1959 includes $1.25 million 
for the department’s Foreign Technical 
Information program. ) 

The new program will set up a central 
clearinghouse in the Office of Technical 
Services, headed by John C. Green. In 
announcing the plan, Secretary of Com- 
merce Sinclair Weeks said: 

“In recent years, government agencies 
and private institutions and industries 
have steadily increased their translation 
of Soviet magazines, monographs and 
books. At the present time, however, 
there is no central agency in the Gov- 
ernment responsible for acting as a 
clearinghouse on all such foreign, tech- 
nological, scientific and engineering in- 
formation for the purpose of making it 
generally available to American scien- 
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tists, research institutions and the public. 

“With the cooperation of the Na- 
tional Science Foundation, comprehen- 
sive surveys were undertaken by the de- 
partment and other federal agencies 
last year, and the proposed new center 
is the result of this groundwork. Plans 
have been worked out for public distri- 
bution of information from such organi- 
zations as the National Science Founda- 
tion, Atomic Energy Commission, the 
armed services and the _ intelligence 
agencies.” 

Arrangements have been made to ob- 
tain from these and other agencies 
copies of abstracts and translations of 
foreign technical articles, monographs 
and books. It is estimated that these will 
be supplied at an annual rate of 50,000 
abstracts and 10,000 complete transla- 
tions. The items will be catalogued in 
the OTS library. 

A staff of engineer-translators will 
be added to review and analyze foreign 
publications and select those of greatest 
value. There is also to be a scientific 
advisory committee to assist in the selec- 
tion. Arrangements will be made for full 
translations of important articles and 
studies. Among the materials the engi- 
neer-translators will receive are copies 
of 200 important Russian scientific 
journals. ‘ 

The new center will operate a co- 
ordination service to eliminate duplica- 
tion of translating among U.S. public 
and private agencies and by friendly 
foreign governments. In its own trans- 
lation work, the center will concentrate 
on technology. The cooperation of in- 
dustry, universities, libraries and com- 
mercial translation firms will be sought 
in feeding information to the center. 


Prosecution for Excessive Radiation 


New York State’s first prosecution of 
a corporation for exposing employees to 
excessive radiation ended on 9 January 
when a suspended sentence was imposed 
by a police justice on the Canadian 
Radium and Uranium Corporation in 
Mount Kisco. The firm, which had 
pleaded guilty, processes radioactive ma- 
terials for medical, research, and indus- 
trial organizations. 

State Labor Department officials 
brought action against the corporation 
last summer, charging that it had failed 
to survey fully the radiation hazards and 
had permitted excessive radiation. When 
the sentence was read, the court noted: 
“There has been no allegation or proof 
of any kind that the health of any per- 
son, either in or out of the plant, has 
been impaired in any way by the acts 
of the defendant, or that the health of 
the community has been in any way 
disturbed.” 


14 FEBRUARY 1958 


Few Aliens Used Specialist Quota 


Fewer than 5 percent of the scientists 
and other skilled persons permitted to 
enter this country annually under special 
immigration provisions actually came in 
as immigrants during 1957. Only 3600 
specially skilled immigrants arrived dur- 
ing the year although there were 75,000 
so-called “first preference” quota num- 
bers available. 

First preference quotas are reserved 
for persons “needed urgently in the 
United States because of the high edu- 
cation, technical training, specialized ex- 
perience, or exceptional ability of such 
immigrants.” People in this category 
have precedence over all other would-be 
immigrants to this country. 


News Briefs 


Atomics International (a division of 
North American Aviation, Inc.) and 
Southwest Atomic Energy Associates 
have concluded an agreement that calls 
for a $5,354,000, 4-year research and 
development program by Atomics Inter- 
national to determine the economic feas- 
ibility of the advanced epithermal 
thorium reactor (AETR) concept with 
a view to the construction of one or 
more full-scale atomic power plants 
utilizing this reactor as a source of en- 
ergy. The Southwest Atomic Energy As- 
sociates is made up of 15 investor-owned 
electric companies in Arkansas, Kansas, 
Louisiana, Mississippi, Missouri, Okla- 
homa, and Texas. 

* * 

A fire at Saint Francis College, Lo- 
retto, Pa., has completely destroyed the 
college’s library, numerous faculty of- 
fices, and the biology department. The 
damages, not including the building, 
amount to about $500,000. A college 
spokesman has written: “We would ap- 
preciate the gift or loan of slides, mod- 
els, incubators, in fact anything which 
the other colleges might want to give to 
help tide us over a year or two, till we 
are completely reestablished.” 

* * * 


Workers digging for a school founda- 
tion in Cairo, Egypt, have unearthed 
two mummified ostriches believed to 
date back to 1350 B.c. Kamal el-Mal- 
lakh, discoverer of the solar boats at the 
Pyramids of Giza, said the ostriches 
were found in Matarich, 5 miles west of 
Heliopolis, the ancient holy city of the 
sun cult. Heliopolis is now a suburb of 
Cairo. Archeologists have discovered 
other mummified animals, but never 
before ostriches. 

* * * 

The Atomic Energy Commission has 
announced that the university participa- 
tion portion of the Oak Ridge School of 


Reactor Technology is being curtailed 
because many colleges and universities 
are now offering programs in nuclear 
science. Contracts with six colleges and 
universities that provide reactor training 
have been canceled: Carnegie Institute 
of Technology; Case Institute of Tech- 
nology; Northwestern University; Uni- 
versity of California, Los Angeles; Uni- 
versity of Florida, Gainesville; and 
Union College. 
a, 

The National Bureau of Standards 
has announced publication of Handbook 
No. 63 Protection against Neutron 
Radiation up to 30 Million Electron 
Volts. Neutrons present a special type 
of radiation hazard. This handbook re- 
flects the thinking of the National Com- 
mittee on Radiation Protection that the 
recommended limits for maximum per- 
missible dose of ionizing radiations be 
substantially lowered. The 88-page pam- 
phlet may be obtained for 40 cents from 
the Superintendent of Documents, U.S. 
Government Printing Office, Washing- 
ton 25, D.C. 

% * * 

The Ford Foundation, New York, has 
announced an appropriation of $4.5 
million to establish the Educational 
Facilities Laboratories, an independent, 
nonprofit organization concerned with 
research and experimentation leading to 
improvements in the construction of 
school and college buildings. The new 
ageucy will also serve as an information 
clearinghouse. Data on school design, 
building, and equipment will be avail- 
able to architects, local school systems, 
college trustees, and others involved in 
the nationwide expansion of educational 
facilities anticipated throughout the 
country in the next decade. 

* * * 

The Navy has announced that an in- 
strumented container of yeast will be 
carried in one or more of the 6-inch 
test satellites to be launched by Project 
Vanguard in the next 3 months, The 
growth rate of yeast on earth has been 
well established by biologists. By check- 
ing on the growth cycles of yeast in a 
satellite, biologists believe they will be 
able to obtain information on the effects 
of space travel on life. The reactions of 
the yeast will be recorded and radioed 
back to earth by a miniature telemeter- 
ing system. 


Scientists in the News 


BERNARD L. PACELLA, an Italian- 
American psychiatrist of New York, has 
been awarded the Cavaliere Ufficiale 
nell’ Ordine al Merito della Repubblica, 
an Italian Government decoration for 
special merit in the fields of science, let- 
ters, arts, or economics. Pacella has been 
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on the teaching staff of the College of 
Physicians and Surgeons, Columbia Uni- 
versity, since 1942. 


CARL G. HARTMAN, director em- 
eritus of the Ortho Research Founda- 
tion, Raritan, N.J., has been elected hon- 
orary member of the Anatomical Society 
of Great Britain and Ireland. 


ROBERT REIMANN, until recently 
chief of internal medicine at the Bing- 
hamton City Hospital, Binghamton, 
N.Y., has taken up his duties as chief 
of internal medicine at the Shiraz Medi- 
cal Center, Shiraz, Iran. Reimann, a 
specialist in viral infections, has been a 
member of the faculty of Jefferson Medi- 
cal College, Peking University Medical 
College in China, and the American 
University of Beirut in Lebanon. 


GEORGE L. WEBSTER, professor 
and head of the chemistry department 
at the University of Illinois College of 
Pharmacy, has been named dean of the 
college. He succeeds Earl R. Serles, who 
headed the college for 17 years until his 
death last March. 


LINUS A. ZINK will succeed 
FRANK B. BREWER as assistant chief 
medical director for operations in the 
Veterans Administration, Washington, 
D.C. Brewer is to retire on 31 March 
after 41 years of federal service. He has 
been a medical official with VA and its 
predecessor agencies since 1921 and has 
held his present position since 1954. 


RALPH W. LEWIS, professor of nat- 
ural science at Michigan State Univer- 
sity, will conduct a year of research in 
the laboratory of E. B. Chain at the In- 
stituto Superiore di Sanita in Rome, 
Italy. 


JAMES B. KITZMILLER, who has 
been in the department of zoology at 
the University of Illinois for 10 years, 
is the new department chairman. F. B. 
ADAMSTONE, former head, continues 
as professor of zoology. The department 
has recently adopted the chairman-ex- 
ecutive committee form of administra- 
tion in place of the headship. 


KARL E. SCHOENHERR, dean of 
the College of Engineering at the Uni- 
versity of Notre Dame, has been ap- 
pointed technical director of the hydro- 
mechanics laboratory at the Navy’s 
David Taylor Model Basin in Washing- 
ton. He replaces F. H. TODD, who has 
returned to England as superintendent 
of the Ship Division, National Physical 
Laboratory, Teddington. Schoenherr is 
best known for his work in the frictional 
resistance of fluids along plane surfaces; 
his formula was published in 1932. 
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Scientific visitors to the United States 
from the United Kingdom are as follows. 

CHARLES K. ANDERSON, lecturer 
in urological pathology at the University 
of Leeds School of Medicine, Leeds, 
Yorkshire, England, will arrive in the 
spring (length of stay not known) to 
work at Memorial Hospital, New York. 
He will visit the Armed Forces Institute 
of Pathology, Washington, for about a 
month, probably in May. 

M. W. PERRIN, chairman of the 
Welcome Foundation, will arrive in the 
second half of February. He will spend 
some time in Washington looking into 
medical matters. 


JAMES D. WATSON of Harvard 
University has been appointed a George 
A. Miller visiting professor in the de- 
partment of bacteriology at the Univer- 
sity of Illinois during the period from 
13 February to 7 March. He will give a 
series of lectures on macromolecular 
replication and cell growth. 


GEORGE H. LORDI and EDWIN 
P. MAYNARD have been named clini- 
cal professors emeriti of medicine at the 
College of Medicine of the State Uni- 
versity of New York’s Downstate Medi- 
cal Center in Brooklyn. Lordi and May- 
nard have been on the faculty of the 
college and its predecessor, the Long 
Island College of Medicine, since 1923 
and 1925, respectively. 


Recent recipients of honorary degrees 
include the following: 

MARTHA M. ELIOT, professor and 
chairman of the department of maternal 
and child health at the Harvard School 
of Public Health, from Wayne State 
University. 

HAROLD C. UREY, distinguished 
service professor of chemistry in the En- 
rico Fermi Institute for Nuclear Studies 
at the University of Chicago, from 
Wayne State University. 


STUART M. SESSOMS, assistant 
director of the Clinical Center at the 
National Institutes of Health since early 
1954, has been appointed assistant di- 
rector of the National Cancer Institute. 
He succeeds WILLIAM S. BAUM, who 
has been transferred to the Public Health 
Service’s Division of Indian Health at 
Phoenix Ariz., as assistant area medical 
officer for hospital and medical care. 


ALPHONSE R. DOCHEZ, now re- 
tired from the department of medicine 
at Columbia University, recently re- 
ceived the New York Academy of Medi- 
cine Medal for distinguished service in 
medicine. He is well known for his work 
on the immunochemistry of the pneu- 
mococcus and on the etiology of the 
common cold. 





JAMES R. SHAW, chief of the Pub- 
lic Health Service’s Division of Indian 
Health, has been named an assistant 
surgeon general. 


Recent Deaths 


WILLIAM B. BAER, New York, 
N.Y.; 55; dean of New York Univer- 
sity’s College of Arts and Science in the 
Bronx; 21 Jan. 

JOSEPH V. F. CLAY, Philadelphia, 
Pa.; 74; emeritus professor of otolaryn- 
gology at Hahnemann Medical College 
and Hospital; 23 Jan. 

ERICH DANZIGER, Jackson 
Heights, N.Y.; 68; research chemist for 
American Home Products Company; 
with I. G. Farben in Germany for 25 
years before emigrating to the United 
States in 1937; 25 Jan. 

ABRAHAM FABIAN, New York, 
N.Y.; 48; practicing psychoanalyst and 
clinical professor of psychiatry at the 
State University of New York College 
of Medicine, Brooklyn; 19 Jan. 

GRACE LANGFORD, New York, 
N.Y.; assistant professor of physics at 
Barnard College from 1906 until her 
retirement in 1937; 4 Dec. 

ROBERT E. LUCE, New York, 
N.Y.; 46; assistant ‘professor of mathe- 
matics at Rutgers University; previously 
taught at the College of William and 
Mary, Norfolk, Va., branch; 20 Jan. 

PERCY E. MILLER, Philadelphia, 
Pa.; 59; head of the science department 
at Girard College; formerly taught night 
and summer school at Temple Univer- 
sity; 27 Jan. 

Marshal CANDIDO MARIANO Da 
SILVA RONDON, Rio de Janeiro, Bra- 
zil; 92; explorer; communications officer 
in the Brazilian Army; discovered 15 
major rivers in Brazil; 19 Jan. 

CHARLES ROOS, New York, N.Y.; 
57; head of the Econometrics Institute, 
New York, which he founded; former 
secretary of AAAS Section K and 
former AAAS executive officer. 

THOMAS SHAW, Hackensack, N.J.; 
74; inventor and retired electrical en- 
gineer, Bell Telephone Laboratories; 
holder of 21 patents for his inventions 
in telephone loading; 15 Jan. 

CURT G. VOGT, Brielle, N.J.; 65; 
retired staff chemist for the Toms River- 
Cincinnati Chemical Corporation; 4 Jan. 

WILLIS R. WHITNEY, Schenectady, 
N.Y.; 89; former vice president in charge 
of research, General Electric Company; 
founder of the General Electric Re- 
search Laboratory and its director for 
32 years; 9 Jan. 


Erratum: The name of Alberto Ruz Lhuillier 
was misspelled Buz l’Huiller on page 136, column 
2, line 31 in the article “Groningen Radiocarbon 
Dates II” by H. de Vries, G. W. Barendsen, and 
H. T. Waterbolk [Science 127, 129 (17 Jan. 1958)]. 
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Dissimilation of Alfalfa 
Saponins by Rumen Bacteria 


Experimental symptoms of bloat have 
been produced in sheep by the oral and 
intravenous administration of alfalfa 
saponins, demonstrating that saponins 
have more than one mode of action (/). 
However, the fate of the saponins, the 
action of microorganisms on them, and 
the mechanism in the production of bloat 
are still not known. Recently, Hungate 
et al. (2) and Jacobson and Lindahl (3) 
postulated that polysaccharide slime pro- 
duction by ruminal microorganisms 
might contribute to a stable froth forma- 
tion which interferes with the normal 
eructation of fermentation gases in ru- 
minants. The present report presents 
evidence that alfalfa saponins are util- 
ized by certain rumen bacteria, with re- 
sultant production of acids, gas, and large 
amounts of slime. 

Saponin-digesting bacteria were iso- 
lated from the rumens of six steers that 
were being fed a fresh alfalfa diet, by 
means of modifications of techniques de- 
scribed previously (4). Rumen contents 
were inoculated into two parallel dilu- 
tion series of 20-percent-rumen-fluid agar 
shake-tubes, and one series was enriched 
with 0.5 percent alfalfa saponin. Organ- 
isms utilizing saponin were detected by 
the larger size of the colony as compared 
with that of the nonsaponin control. 
Organisms presumed to be saponin bac- 
teria were observed on dilution series 
from all six animals, with a peak number 
of 680 million per milliliter of ruminal 
fluid. Microscopic examination of differ- 
ent colonies showed cells of variable 
morphology; the predominant type was 
a small, Gram-negative, curved, motile 
rod. 





All technical papers and comments on them are 
published in this section. Manuscripts should be 
typed double-spaced and be submitted in duplicate. 
In length, they should be limited to the equivalent 
of 1200 words; this includes the space occupied by 
illustrative or tabular material, references and 
notes, and the author(s)’ name(s) and affilia- 
tion(s). Illustrative material should be limited to 
one table or one figure. All explanatory notes, in- 
cluding acknowledgments and authorization for 
publication, and literature references are to be 
numbered consecutively, keyed into the text proper, 
and placed at the end of the article under the 
heading ‘References and Notes.” For fuller details 
see “Suggestions to Contributors” in Science 125, 
16 (4 Jan. 1957). 
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Reports 


Pure cultures of several strains of the 
bacteria were grown in order to study 
their characteristics and to obtain quan- 
titative evidence of saponin dissimilation 
from the chemical analyses of metabolic 
end products. Fermentation products 
from the breakdown of 200 mg of alfalfa 
saponins (5) by a representative strain 
in a_yeast-extract peptone medium 
yielded (in millimoles) : carbon dioxide, 
1.9; acetic acid, 0.23; butyric acid, 0.15; 
formic acid, 0.52; lactic acid, 0.14; and 
traces of ethanol and propionic acid. The 
organism had a fermentation pattern 
similar to the atypical strains of Butyri- 
vibrio described by Bryant (6). Large 
amounts of slime from the fermentation 
of saponins were harvested by centrifu- 
gation at the end of the incubation pe- 
riod, while scant growth occurred in 
control medium without saponin. 

In the various experiments the dry- 
weight yield of viscous slime material 
was approximately 50 percent of the 
saponin provided as substrate. When the 
organism was grown on glucose, 10 per- 
cent of the substrate appeared as cellular 
material. Acid hydrolysis of the slime 
matter gave copious amounts of copper- 
reducing compounds, indicating its poly- 
saccharide or other glycosidic nature. 
Heavy froth formation from the micro- 
bial degradation of saponins was readily 
demonstrated in rumen contents contain- 
ing viable microorganisms, but froth was 
not produced from the saponins when 
the bacteria and protozoa were inacti- 
vated by mild heat. Rapid gas evolution 
formed a frothy foam layer 40 mm above 
the liquid phase 3 hours after 2-percent 
saponin was administered to rumen in- 
gesta. 

Our results support the theory that 
“frothy bloat” of ruminants maintained 
on rich forages, such as clover and al- 
falfa, may be caused by an increase in 
the production of bacterial polysaccha- 
ride slime. The latter forms stable foam 
in which the rumen fermentation gases 
are entrapped in the ingesta as numerous 
small gas bubbles and are prevented from 
escaping (2). In manometric experi- 
ments, Hungate (2) has observed a corre- 
lation between the foam production of 
rumen ingesta and the intensity of the 
bloat symptoms of cattle. 





The evidence of a rapid microbial de- 
composition of legume saponins, with 
the concomitant production of gas and 
slime, indicates the interaction which ex- 
ists between the saponins and certain 
rumen bacteria and demonstrates how 
these plant compounds may contribute to 
bloat. In addition, bacterial attack on 
soluble sugars in the plant materials 
probably enhances the quantity of slime 
in the rumen. It is noteworthy that Bar- 
rentine (7) has had some success in the 
control of bloat in cattle on rich pastur- 
age through the administration of anti- 
biotics. 
Jose GuTIERREZ 
R. E. Davis 
I. L. Linpauy 
Animal Husbandry Research Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Beltsville, Maryland 
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Spectral Changes Accompanying 
Binding of Acridine Orange by 
Polyadenylic Acid 


A recent article by Szent-Gyérgi and 
co-workers has cited evidence for for- 
mation of a complex between the fluo- 
rescent dye acridine orange and the ade- 
nine portion of adenosine triphosphate, 
as well as adenine itself (J). In view 
of this result, it was of interest to ex- 
amine the interaction of this dye with 
synthetic polyribonucleotides. This has 
been done for polyadenylic acid with 
somewhat unexpected results. 

Polyadenylic acid was prepared by 
the action upon adenosine diphosphate 
of the nucleotide polymerizing enzyme 
isolated from Micrococcus lysodeikticus 
by a method described elsewhere (2). 
Spectral and fluorescence studies were 
confined to concentrations of acridine 
orange sufficiently low (<5x 10M) 
so that the monomer-dimer equilibrium, 
as studied by Zanker (3), is displaced 
greatly in favor of the monomer. No 
spectral effect was observed upon addi- 
tion of adenosine monophosphate. How- 
ever, a quite marked effect was observed 
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with polyadenylic acid. The addition of 
increasing amounts of polyadenylic acid 
to an acridine orange solution in 0.5M 
KCL, 0.01M NaOAc, pH 6.7, results in 
a very marked decrease in extinction at 
2 = 495 mu, which also decreases rela- 
tive to the 465 my peak, as Figs. 1 and 2 
show. Under the above conditions, the 
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Fig. 1. Effect of addition of increasing 
amounts of polyadenylic acid to an acri- 
dine orange solution of molarity 4.7 X 10°. 
The pH is 6.7. The solvent is 0.01M 
NaOAc, 0.5 M KCI. 
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400 450 500 550 
d(H) 
Fig. 2. Effect of increasing addition of 


polyadenylic acid upoi visible spectra of 
acridine orange. The solvent is 0.01M 
NaOAc, 0.5M KCl. The pH is 6.7. The 
molarity of acridine orange is 6.7 X 10°. 
Solid line, no added polyadenylic acid; 
broken line, 2.6 X 10*M (adenosine mon- 
ophosphate units) polyadenylic acid; 
dotted line, 2.1 10°M (adenosine mon- 
ophosphate units) polyadenylic acid. 
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relative decrease in extinction at 495 mu 
is almost linear with respect to the mole 
ratio of adenosine monophosphate to 
acridine orange, and reaches its limiting 
value at a mole ratio close to 1:1, as 
Fig. 1 indicates. If the addition of poly- 
adenylic acid is continued until quite 
large mole ratios of adenosine mono- 
phosphate units to acridine orange (70: 
1) are attained, the visible spectrum 
gradually undergoes a second alteration, 
d4y, increasing to a relative value of 
0.75. In view of the altered shape of the 
absorption spectrum it is unlikely that 
the decrease in extinction can be attrib- 
uted to optical shielding effects alone. It 
is more likely that it at least partially 
reflects an altered resonance state of the 
bound dye molecule. 

These phenomena were paralleled by 
a pronounced decrease in the intensity 
of the fluorescence of the acridine 
orange (Amax.=550 mu). The intensity 
of fluorescence decreases to a value of 
0.27 relative to that for free dye at about 
a 1:1 mole ratio of dye to monomer 
unit (for a total dye concentration of 
6.2 x 10-§) and slowly increases as the 
nucleotide-dye ratio becomes very large, 
reaching a relative value of 0.95 at a 
ratio of 70:1. 

Pretreatment of the polyadenylic acid 
by formaldehyde according to the 
method of Fraenkel-Conrat results in 
abolition of both the spectrophotometric 
and fluorescence quenching effects (4). 

The preceding results are consistent 
with the conclusion that acridine orange 
is bound in a one-to-one manner by the 
constituent adenosine monophosphate 
units of polyadenylic acid at low nucleo- 
tide-dye ratios. The subsequent altera- 
tion of the spectral and fluorescence be- 
havior at high nucleotide-dye ratios re- 
flects the competitive formation of a 
second complex, favored by the sharing 
of bound dye by an excess of polyade- 
nylic macromolecules. 

In view of the abolition of the spec- 
tral and fluorescence effects by blocking 
the 6-amino group of adenine with for- 
maldehyde and by titration of the ade- 
nine groups, it appears that the adenine 
ring is probably involved in the interac- 
tion process. These results thus provide 
additional evidence for the availability 
of the adenine group of polyadenylic 
acid at alkaline pH’s, as suggested earlier 
(4). In contrast, deoxyribonucleic acid 
isolated from M. lysodeikticus gave no 
spectral change. 

These effects are of considerable in- 
terest in view of the known properties of 
acridine orange as a vital stain and bac- 
tericidal agent (5). 

Roser F, STEINER 
Naval Medical Research Institute, 
National Naval Medical Center, 
Bethesda, Maryland 
Rotanp F. Beers, Jr. 
Childrens Hospital School, 
Baltimore, Maryland 
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Use of Mononitrophenols 
Containing Halogens as Selective 
Sea Lamprey Larvicides 


The invasion of the upper Great 
Lakes by the sea lamprey and its destruc- 
tive attacks upon important fishes have 
engendered a considerable effort to con- 
trol the numbers of this predator. Means 
for combating this pest may be applied 
effectively and economically during those 
parts of its life-cycle that are spent in 
streams (J). Destruction or diversion of 
the adults during their spawning runs 
(the terminal stage of the life-cycle) is a 
practicable procedure. This is being ac- 
complished by electrical barriers which 
kill, or repel, the adults before they 
reach the spawning grounds (2). A seri- 
ous shortcoming of this control technique 
is the time lag which occurs before the 
effect of such measures can become ap- 
parent. At least six generations of larval 
lampreys, already resident in stream 
habitats, continue to grow, transform into 
adults, and migrate into the lakes to be- 
gin their existence as parasites. Thus it 
may be as much as seven years before 
the lamprey population of a lake basin 
shows any marked decrease after the 
blocking of all streams suitable for 
spawning. 

The life-cycle of the sea lamprey may 
also be broken effectively at the larval 
stage by the regulated application of se- 
lectively toxic chemicals. This treatment 
of streams inhabited by sea lampreys 
should produce more immediate control 
of the species than is being achieved by 
present techniques. In the course of 
screening various chemicals in a search 
for selective sea lamprey larvicides (3), 
we discovered six mononitrophenols con- 
taining halogens which are significantly 
more toxic to sea lamprey larvae than 
to other aquatic organisms (4). We also 
found that the conversion of four of these 
substances to their respective sodium salts 
increases their general utility without sig- 
nificantly affecting their useful biological 
activity (Table 1). 

Laboratory experiments were con- 
ducted in 10-lit glass battery jars, each 
containing 5 lit of water. These vessels 
were aerated by means of standard stone 
air-breakers and were maintained at a 
constant temperature by immersion in 
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specially constructed troughs. Test ani- 
mals in each experiment were larvae of 
the sea lamprey (Petromyzon marinus) 
and fingerlings of at least two of the fol- 
lowing species of game fishes (choice of 
the species of game fishes depended on 
availability): rainbow trout (Salmo 
gairdneri), brown trout (Salmo trutta), 
and bluegill sunfish (Lepomis macro- 
chirus). To each test container we added 
two specimens of the species chosen to 
be exposed to a chemical. Appropriate 
amounts of the compound were then 
added to the test jars to produce a de- 
sired concentration. Generally, 24 simul- 
taneous replications were run with the 
same species at each such concentration. 
All laboratory tests were conducted for 
a 24-hour period at a water temperature 
of 55: +:1°R. 

The specific toxic effects displayed by 
the compounds studied under these con- 
trolled conditions are summarized in 
Table 1. 

Our principal objective has been to 
locate chemicals which are acutely toxic 
to larval sea lampreys at low concentra- 
tions and which, at the same concentra- 
tions, are not toxic to other fishes in- 
habiting the same stream environments. 
A further requirement was that these 
selectively toxic materials should be ca- 
pable of destroying the larvae in a rela- 
tively short period of time. We believe 
that the differential toxicities displayed 
by these mononitrophenols (with the ex- 
ception of that exhibited by 5-chloro-2- 
nitrophenol) cover a sufficiently broad 
range of concentrations to permit their 
regulated application in natural streams 
to destroy lamprey larvae without con- 
current damage to other fish. Require- 
ments for a short treatment period are 
likewise met by these compounds. At 
minimum effective concentrations of 
each of the chemicals, all of the larvae 
were killed in less than 16 hours. At 
higher concentrations the time was much 
less, Several of the compounds killed all 
of the lampreys in less than 45 minutes 
without apparent harm to the game fish 
which remained exposed to these con- 
centrations for 24 hours. 

We have also tested 3,4,6-trichcloro-2- 
nitrophenol and 3-trifluormethyl-4-nitro- 
phenol in a running water raceway in 
which natural stream conditions were 
simulated. In these cases aqueous solu- 
tions of the sodium salts of each of these 
phenols were applied under conditions 
where continuous flow required their 
regulated metering into the “stream” 
during the entire test treatment period. 

The raceway utilized for this purpose 
was a rectangular concrete trough, 65 ft 
long, 6 ft wide, and 30 in. deep. Water 
for the “race” was pumped from Lake 
Huron; its flow into the experimental 
“stream” was regulated by a “V” weir. 
For each test treatment undertaken, an 
artificial stream bed was constructed on 
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Table 1. Differential toxic effects among larval lampreys and fishes of certain mononi- 
trophenols containing halogens. Sodium salt is expressed in parts per million of free 


phenol. 





Concentration 
required to 





Name and form of kill all 
compound lamprey 
larvae 
(ppm) 

2-Bromo-4-nitrophenol 

Free phenol 5 

Na salt 7 
3-Bromo-4-nitrophenol 

Free phenol 5 
5-Chloro-2-nitrophenol 

Free phenol 3 
2,5-Dichloro-4-nitrophenol 

Free phenol 3 

Na salt 5 
3,4,6-Trichloro-2-nitrophenol 

Free phenol 5 

Na salt 13 
3-Trifluormethyl-4-nitrophenol* 

Free phenol 2 

Na salt 2 





the floor of the raceway with materials 
taken from the beds of local rivers. Typi- 
cal stream features such as pools and 
rifles were reproduced. Test animals 
were released in the raceway sufficiently 
in advance of a treatment to allow them 
to become adjusted to the “stream.” 
Each experimental treatment (at a par- 
ticular concentration) was conducted for 
a 24-hour period. The larvicidal com- 
pound was metered into the water by 
an electric, motor-driven, dual-piston, 
fluid-proportioning device. This machine 
pumped from a concentrated stock solu- 
tion of the chemical and delivered the 
concentrate, slightly diluted with flush 
water, to a perforated pipe laid on the 
stream bed at the head of the test stream 
area. 

Under conditions that simulated treat- 
ment of an actual stream, the toxic ef- 
fects of each of the substances upon 
fishes seemed to be considerably less than 
the effects which were observed under 
laboratory-jar test conditions. On the 
other hand, concentrations of the mate- 
rials lethal to all larval lampreys were 
essentially the same in the jar tests and 
in treatments of the simulated stream. 

For example, in raceway tests of 
3,4,6-trichloro-2-nitrophenol (applied as 
an aqueous solution of its sodium salt), 
all lamprey larvae were killed by con- 
centrations as low as 12 parts per mil- 
lion. Sustained exposure to a concentra- 
tion of 40 parts per million of the com- 
pound (the highest concentration that 
we applied experimentally) did not 
cause any significant toxic symptoms to 
appear among either rainbow trout or 
brown trout. Furthermore, exposure to 
this concentration did not cause any evi- 
dent harm to any of the following addi- 








Concentration required to cause 
significant mortalityt among fishes 
(ppm) 

Rainbow Brown Bluegill 
trout trout sunfish 
13 11 
15 
11 15 
5 5 
13 7 
17 
17 15 
23 
9 7 
7 





tional test species: brook trout (Salve- 
linus fontinalis), rock bass (Ambloplites 
rupestris), bluegill sunfish, pumpkinseed 
sunfish (Lepomis gibbosus), lake chubs 
(Couesius plumbeus), northern creek 
chubs (Semotilus atromaculatus), log- 
perch (Percina caprodes), crayfish 
(Cambarus spp.), dragonfly larvae 
(Anisoptera), and caddisfly larvae (Tri- 
choptera). Several other species of fishes 
used in the raceway tests displayed some 
susceptibility to the higher concentra- 
tions of the chemical which we intro- 
duced. Yellow perch (Perca flavescens) 
and white suckers (Catostomus commer- 
soni) were not affected by a concentra- 
tion of 32 parts per million, but signifi- 
cant mortalities among these two species 
occurred during the application of a 
concentration of 40 parts per million. 
A considerable number of mortalities oc- 
curred among bullheads (Ictulurus melas 
and J. nebulosus) during all applications 
of concentrations of 20 parts per million 
or more of the phenol. 

A comparable accentuation of the se- 
lectively toxic properties of 3-trifluor- 
methyl-4-nitrophenol was observed when 
treatments with this cheniical were con- 
ducted in our raceway. The results we 
obtained in our raceway tests with both 
compounds suggest that all of the mono- 
nitrophenols we have studied may be 
more useful for treatment of actual 
streams than could have been anticipated 
from our laboratory-jar tests (5). 

VERNON C. APPLEGATE 
Joun H. Hower 
U.S. Fish and Wildlife Service, 
Rogers City, Michigan 
Manninc A, Siri 
Department of Chemistry, Bucknell 
University, Lewisburg, Pennsylvania 
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Convenient pH Stat Reaction 
Vessel for Small Volumes 


In a series of studies in our laboratory 
with the pH stat of Jacobsen and Léonis 
(1), it became clear that the conven- 
tional beaker type of reaction vessel had 
several disadvantages, the main one 
being an irreducible minimum solution 
volume of about 5 to 6 ml, which is an 
important limiting factor in studies with 
precious proteins and peptides. The di- 
ameter of the beaker and, hence, its vol- 
ume could not be reduced because of the 
large number of accessories dipping into 
it—the glass and calomel electrodes, ex- 
ternal stirrer, nitrogen inlet, and others. 
We have overcome this problem by using 
a rotating test tube as the reaction vessel 


LS 


a 











with a stationary, concentric glass and 
calomel electrode assembly (Radiometer 
No. GK2021). Excellent stirring, with a 
complete absence of foaming in protein 
solution, is achieved by the shearing 
forces between the test tube and the sta- 
tionary electrode assembly, and volumes 
may be reduced to 1.0 ml. 

As may be seen in Fig. 1, the glass 
test tube is housed in a Plexiglass rotor 
fitted with turbine blades. Both rotation 
of the turbine and temperature control 
are achieved by a small centrifugal pump 
which circulates water, from a thermo- 
statically controlled bath, through a jet 
impinging on the turbine blades. The 
electrode assembly is raised and lowered 
by means of a rack and pinion (fitted 
with a stop to safeguard the electrode 
bulb). Only a single polyethylene capil- 
lary for delivery of acid or base dips into 
the reaction chamber, thus, we have a 
relatively unencumbered apparatus. In 
our work, the use of nitrogen has not 
been necessary because of the very small 
surface area of the solution, but in more 
critical work a polyethylene capillary for 
the delivery of nitrogen could easily be 
attached to the electrode assembly. 

In summary, the following advantages 
have been found in the use of this re- 
action vessel: (i) By using a single size of 
test tube, volumes of 1 to 5 ml are easily 
accommodated, and with a larger size 
of tube, volumes can go to 10 ml. (ii) 
Stirring is rapid, smooth, and steady in 
rate for long periods of time, the rate 
being adjustable by restricting the flow 
through the jet. (iii) Precise temperature 
control is achieved. (iv) The glass test 
tubes are easily changed, giving conven- 





(2) 


Fig. 1. Apparatus. A, Water outlet (designed to act both as a baffle plate and a constant- 
level device) ; B, rotor (Plexiglass) ; C, turbine blade; D, opening in rotor to facilitate 
rapid temperature equilibration; E, jet; F, baffle plates to prevent splashing; G, reaction 
mixture ; H, test tube (glass) ; J, polyethylene capillary for delivery of acid and base from 
syringe ; J, Teflon O-rings (the outer ring is a bearing and the inner one is an adaptor for 
use with various sizes of test tube) ; K, detachable lid; L, pivot (the pivot and its bearing 
should be constructed of stainless steel if extended periods of use are anticipated) ; M, 


radiometer electrode No. GK2021. 
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ience during a series of titrations and 
constantly clean glassware without the 
need for dismantling the apparatus. 
Gorpon H. Dixon 
Rocer D. Wabr 
Department of Biochemistry, 
University of Washington, Seattle 
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Correlation of Potassium-40 
Concentration and Fat-Free 
Lean Content of Hams 


A rapid, objective, and nondestructive 
method for determining the amount of 
lean meat present in live animals, car- 
casses, and cuts of meat should prove to 
be of considerable value in improving 
the pricing efficiency involved in the 
marketing of livestock and meat. Objec- 
tive evaluation of the amount of lean 
present would make it possible to set 
a price that would better reflect the 
desirability of the product from the con- 
sumer’s standpoint. In addition, such a 
technique should help to speed the de- 
velopment of better grade animals for 
butchering, since accurate nondestruc- 
tive measurements of the lean content of 
live animals would aid in the selection 
of breeding stock. 

The research of Woodward et al. (1) 
demonstrated that the potassium content 
of human beings, as determined by meas- 
urement of potassium-40 (K*°) gamma 
activity by means of the Los Alamos 
“human counter” (2), was related to the 
body water content and, therefore, to the 
lean body weight of the subjects. In view 
of these findings, it was considered de- 
sirable to evaluate the usefulness of the 
K*° concentration as an index of the 
amount of lean in meat products. Since 
Federal pork carcass grades (3) are based 
to a considerable extent upon the degree 
of fatness and the proportion of lean 
cuts, it was decided to use hams in the 
study described in this report. 

Fresh hams were obtained from the 
Animal and Poultry Husbandry Research 
Division of the U.S. Department of 
Agriculture’s Agricultural Research Cen- 
ter at Beltsville, Maryland. One pair of 
hams (group A) was selected on the 
basis of their rather fat appearance, 
while the other pair (group B) appeared 
to contain considerably less fat. The visi- 
ble portion of external fat of the hams of 
group A ranged from 1.2 to 1.8 in. in 
thickness, while the corresponding range 
for group B was 0.9 to 1.0 in. The hams 
were frozen and transported to the Los 
Alamos Scientific Laboratory, where the 
following K*® measurements were made 
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and on the “human counter.” The K*° con- _ derived by dividing the value for gammia _ of the counting efficiency revealed that 
the tent of group A, of group B, and of both rays per second by the weight of fat-free the “human counter” detected about 21 
groups together was determined. Appar- lean in the sample. The average of these times as many K*° gamma rays from 
XON ently, the positioning of the hams in the __ values was 1.60, with a relative standard hams under the conditions of the com- 
/ADE counter was not of critical importance, deviation (5) of 4.8 percent for the total parison made as the crystal detector did. 
since the total number of gamma rays __ variability among different samples. The “human counter” has an additional 
per second recorded for the individual A statistical evaluation was made of advantage in that the positioning of the 
pairs of hams, after the appropriate cor- the counting error involved in the count- _— sample is apparently not of critical im- 
rection had been made for background __ ing operation (6). The relative standard portance, while, when a crystal detector 
depression (21.99 and 22.29 gamma rays _— deviation of the counting measurements __ is used, the position relative to the de- 
; per second), agreed closely with the in tests with pairs of hams in which the tector is of great importance. 
value obtained when all hams were samples were counted for 20 minutes Roman Kutwicu 
counted simultaneously (44.3 gamma and the background was counted for 30 Louis FEINSTEIN 
rays per second). minutes was about 3 percent. When the Agricultural Marketing Service, 
After the K4° values for the intact four hams were counted simultaneously U.S. Department of Agriculture, 
hams had been obtained, the skin and (58 Ib of hams), counting of the sample Beltsville, Maryland 
external fat were removed, and counting _—for 13.33 minutes and of the background Ernest C, ANDERSON 
data were obtained for groups A and B. _ for 20 minutes gave a K*° value with a = Los Alamos Scientific Laboratory, 
. Following this, the bone and most of relative standard deviation for counting University of California, 
cee the seam fat were removed, and the re- __ error of about 1.9 percent. On this basis, | Los Alamos, New Mexico 
nt of maining lean meat was counted for each it may be possible to determine the K*° 
a group. The amount of crude fat present content of a 175-pound carcass (with a —— 
ae in the lean was determined (4) so that relative standard deviation for counting _—1._K. T. Woodward et al., Nature 178, 97 (1956). 
ies. the K4° values could be related to the error of about 5 percent) by counting ee or ey ea aa on 
Pe tne ? (1956); IRE Trans. on Nuclear Sci. NS-3 96 
pes. amount of fat-free lean present. The data the sample for 100 seconds and the back- ‘ Sy gg je Ki eee 
ae obtained are presented in Table 1. ground for 200 seconds. ” aaceienanits He, Df (587. ba 
The K*° activity, in actually measured In order to compare the counting effi- 4. Official Methods of Analysis of the Association 
" ac gamma rays per second, per pound, was ciency of the “human counter” with that pe = Peace oo Fees anuonn 
obtained by dividing the value obtained _ of a crystal detector, the hams of group D.C., 1955), p. 386. 
Presi for gamma rays per second by the actual B were counted individually with an 8- > &. LE a, es —_— 
pals weight of the sample in pounds. The K*? by 4-inch Nal(T1) scintillator crystal, (ie Snidt “Chiles Fron, Mal, OL 
aie values were not adjusted by a counting mounted about 2 in. below the frozen 4 art Csiins ead eee 
sia! efficiency factor to an absolute basis. ham, which rested on a piece of plywood Agriculture (McGraw-Hill, New York, 1955), 
dk oa These values varied directly with the 0.25 in. thick. Eight inches of steel shield- p. 173. 
ane percentage of fat-free lean present. The ing surrounded the sample and detector. 10 October 1957 
ea correlation coefficient (5) obtained for © One ham was counted for 30 minutes; 
the correlation of these two sets of val- this count was followed by a 30-minute 
. (1) ues is 0.983, indicating that the corre- count of the background. The resulting 
~— lation is significant at the 1-percent level. | K*® peak for this ham was 29.4 net Composition of Cardiolipin 
ace) The values for measured K*° gamma counts per minute, with a relative stand- 
eR rays per second, per pound varied in- ard deviation for counting error of about In a recent, extremely interesting com- 
lamos versely with the percentage of fat pres- 6.8 percent. The second ham of group B_— munication on the composition of car- 
to the ent. A correlation coefficient of —0.966 was counted for 60 minutes; this count = diolipin (1), Macfarlane and Gray have 
to the was obtained from these values, indicat- was followed by a 60-minute count of — reported results which, although admit- 
pe: ing a negative correlation which is sig- | the background. The resulting counting _ tedly inconclusive, throw considerable 
d_ de- nificant at the 1-percent level. The val- rate was 34.6 net counts per minute, with doubt on the correctness of the pres- 
of the ues for measured K4° gamma rays per _a relative standard deviation for count- _— ently accepted concept (2) that cardio- 
f the second, per pound of fat-free lean were ing error of 3.3 percent. A comparison _ lipin is a glycerylglycerophosphate deriv- 
Since 5 ative containing three phosphoric acid 
based molecules linking four glycerol mole- 
degree Table 1. K® values as related to the amount of fat-free lean and fat in samples of fresh cules, the latter being also esterified with 
f lean em one oleic and five linoleic acid residues. 
in the Indeed, Macfarlane and Gray consider 
Measured K® Measured K*® that their results suggest that cardiolipin 
m the gamma rays gamma rays — Percentage Percentage is “not a single compound, but a mixture 
search smaple per second, fis _— o — of fat of similar compounds varying in fatty 
nt of per pound teste sande ts acids.” In view of this suggestion, I re- 
h Cen- port, believing it to be of some interest, 
pair of Group A the results of a preliminary study in 
on the Intact hams 0.70 1.50 47.4 40.0 which cardiolipin was separated into a 
arance, Hams without skin 1.14 1.64 69.8 16.4 number of chromatographically distin- 
peared Ch laaheningy m 1.30 150 86.3 13.7 guishable fractions each of which pos- 
he visi- , ; ; ; sessed the biological activity, as meas- 
ams of Group B ured by the cardiolipin flocculation test 
in, in panel ie ae et $1.7 a5 (3), of the unfractionated cardiolipin 
; range and external fat 1.19 1.68 70.6 14.2 beeen: SEReRCae See eee 
_— Lean portion 1.48 1.68 88.5 11.5 ae - ‘ 
he Los ifteen commercial preparations o 
ere the Didi d taone arene agent f yd 49.4 37.1 cardiolipin (¢) and three preparations 
> made Z % ; : made in this laboratory from ox-heart 
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muscle (5) were chromatographed on a 
mixture of silicic acid and Celite (6) 
(3:1 by weight). The cardiolipin was ad- 
sorbed on the column from benzene, and 
the column was developed with chloro- 
form containing ethanol (5 percent by 
volume). The column was extruded, and 
the zones were made visible by streaking 
with an alkaline permanganate solution 
(7). The zones were cut and eluted 
with ethanol, and the eluate was concen- 
trated to dryness under reduced pressure 
at room temperature. Approximately 50 
percent of the cardiolipin was retained 
at the top of the column and could not 
be moved down the column with 5 per- 
cent ethanol in chloroform. The top zone 
was therefore rechromatographed, with 
20 percent ethanol (by volume) in chlo- 
roform as the developer, and then gave 
additional zones. 

Each of the cardiolipin preparations 
could be separated into a number of 
iractions. The exact number of fractions, 
however, was not the same for each prep- 
aration and varied from four fractions 
found in one case to eight in another. 
All fractions were biologically active (3). 
In every case approximately 20 percent 
of the material placed on the column 
was not moved from the top of the col- 
umn under the conditions of develop- 
ment, and hence there is no reason to 
suppose that additional fractions could 
not have been obtained. 

Three zones, containing approximately 
50 percent of the material placed on the 
column, were found to be present in each 
of our preparations. These zones were 
found in approximately the center of 
the column when the column was de- 
veloped with (i) four column lengths 
(8) of chloroform containing 5 percent 
ethanol (zone 1); (ii) four column 
lengths of chloroform containing 20 per- 
cent ethanol (zone 2); (iii) eight column 
lengths of chloroform containing 20 per- 
cent ethanol (zone 3). 

In an attempt to identify the individ- 
ual acids which might be expected to be 
present in the cardiolipin of zones 1, 2, 
and 3, each zone was reduced in ether 
solution with excess lithium aluminum 
hydride; after treatment with water in 
the usual manner, the ether phase was 
concentrated to dryness, and the result- 
ing oil, which should contain the alcohols 
corresponding to the acids originally 
present in the zone, was fractionated by 
distillation at a pressure of 10 p. 

In each case, only one such alcohol 
was found in any one zone. The alcohols 
distilled at the following temperatures: 
zone 1, 83 to 85°C; zone 2, 118 to 
120°C; zone 3, 132 to 135°C. When the 
three alcohols were mixed together, it 
was still possible to separate them by 
fractional distillation. The fractions dis- 
tilled in the same temperature range. 

The undistilled alcohol from each 
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zone was also examined chromatographi- 
cally. Only one zone was found in each 
case. A mixture of silicic acid and Celite 
was used as the adsorbent, and the col- 
umn was developed with benzene con- 
taining 1 percent t-butyl alcohol (by vol- 
ume). 

On the basis of carbon and hydrogen 
analyses, the ultraviolet absorption spec- 
trum, the reaction with maleic anhy- 
dride, and the melting point of the 
alcohol obtained after reduction with hy- 
drogen in the presence of a platinum 
catalyst (9), the alcohols obtained from 
zones 1 and 2 were tentatively identified 
as 1-dodecanol (corresponding to lauric 
acid) and 9,12,15-octadecatrienol (cor- 
responding to linoleic acid), respectively. 
The alcohol from zone 3 was not identi- 
fied. Analysis indicated the presence of 
more than one hydroxyl group. 

The results are such as would be ex- 
expected if the usual preparations of 
cardiolipin were mixtures in which the 
components differed in their fatty acid 
moiety. 

Freperick A. H. Ricr* 
Department of Microbiology, 
Johns Hopkins University, 
Baltimore, Maryland 
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Protective Effect of a 
Colchicine Derivative in 
Mice Exposed to X-radiation 


The profound effect of colchicine upon 
mitotic activity has been described in 
abundant detail (1). Results of numerous 
cytological studies of a combination of 
colchicine treatment and x-irradiation 
have also been reported (1, 2). We find 
no references to effects of colchicine on 





Table 1. Data on survival of mice given 
an intraperitoneal injection of 1 mg of 
trimethyl colchicinic acid methyl ether 
d-tartrate 24 hours prior to x-irradiation. 
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Irradia- f survived 
tion — (28 days) 
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8TOUP Control Treated 
900 40 70 98 
950 20 25 75 
1100 15 0 80 
1100 20 0 45 
1100* 16 0 56 
*0.5 ingot ths oubliielind derivative. 


survival of mammals given whole body 
irradiation, possibly because adverse 
rather than protective action is antici- 
pated. 

The primary object of the study de- 


scribed in this report was to alter the sen- . 


sitivity of bone marrow to x-irradiation. 
The provisional assumption was made 
that the sensitivity of these cells would 
be reflected in survival of the animal. In 
principle this appears to be a vast over- 
simplification, although in practice the 
neutralization of other variables may 
leave the desired association in evidence. 
A less distant relationship may be one be- 
tween marrow sensitivity and peripheral 
leucocyte count (3). 

There does not seem to be convincing 
evidence that cells in colchicine-induced 
metaphase are more sensitive to radiation 
than cells in their normal state, and our 
expectation slightly favored an increase 
rather than a decrease in resistance. The 
mere fact of an increase in survival would 
not, of course, indicate a specific in- 
crease in resistance of colchicine-treated 
cells in preference to any of a number of 
other processes which might be respon- 
sible, but the first step was to determine 
whether or not survival would be altered 
by pretreatment with colchicine. 

The present brief report is preliminary 
in nature. The mice used were (BALB/c 
x DBA/2) F, females 12 to 15 weeks 
old, kept in individual cages. A Van de 
Graaff generator, operating at 2.5 Mev; 
0.6 ma; HVL, 1 cm of lead; TSD, 1 m; 
and dose rate, 250-300 r/min was used 
for irradiation (4). [Further details are 
to be found in (5).] The colchicine de- 
rivative used was trimethyl colchicinic 
acid methyl ether d-tartrate (N.C.I. No. 
1136), some of the characteristics of 
which have been described by Leiter and 
his associates (6). This was given as an 
intraperitoneal injection of 1 mg per 20 
to 25-g mouse in 0.2 ml of saline, 24 
hours prior to irradiation. 

As shown in Table 1, survival was con- 
siderably better in mice that had been 
given the colchicine derivative than in 
controls, the maximum difference being 
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roughly equivalent to a dose reduction 
of 20 percent. In five experiments (75 
mice), no untreated mice survived as 
long as 2 weeks after exposure to 1100 r, 
and in four experiments, only one of 90 
mice survived 1000 r. In the experiments 
described in this report, treatment with 
the colchicine derivative was more effec- 
tive than treatment with bacterial endo- 
toxin (5), although exact optimal dos- 
ages have not been established for either 
compound. 

Selective alteration of sensitivity to 
x-irradiation is of great interest. A deter- 
mination of whether or not such selective 
alteration has been accomplished in the 
experiments described here awaits fur- 
ther study, as does the question of an as- 
sociation between effect on mitosis of 
marrow cells and survival. 

Witur W. SmirH 
National Cancer Institute, 
National Institutes of Health, 
Bethesda, Maryland 
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Localization of Generator 
Structures of Electric Activity 
in a Pacinian Corpuscle 


In a large number of sense organs the 
afferent nerve ending is enclosed in an 
adventitious structure, the end organ. 
The question of what the end organ’s 
function is goes back to the early days 
of sensory physiology. Is it a link in the 
chain of events which transduce stimuli 
into nerve impulses, or does it merely 
play a passive role in reception? The 
question is here asked for the case of 
the Pacinian corpuscle. The end organ 
of Pacinian corpuscles—namely, the cap- 
sule—is large enough to allow its dissec- 
tion. It consists mainly of a peripheral 
zone (mean transversal diameter 650 ») 
with concentrically arranged lamellae 
and a thin, more compact inner core 
(transversal diameter about 25 p) with 
bilaterally arranged lamellae enclosing 
the nonmyelinated nerve ending (J). 
The peripheral zone could be peeled off 
by dissection under a microscope with 
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dark-field or phase-contrast illumination 
while the receptor’s ability for producing 
generator and propagated potentials in 
response to mechanical stimulation was 
tested. Single Pacinian corpuscles of the 
cat’s mesentery were isolated, and these, 
together with a length of afferent axon, 
were set up in a bath containing an 
oxygenated Krebs solution. Mechanical 
stimulation of the corpuscle was pro- 
vided by the finely graded deflections 
of a piezoelectric crystal (2, 3). The ar- 
rangement for recording of the recep- 
tor’s electric activity has been described 
in previous papers (3, 4). 

When the capsule’s peripheral zone is 
progressively removed, an increase in 
threshold for producing propagated im- 
pulses in response to mechanical stimuli 
is usually observed. But otherwise no 
significant changes in the mechanore- 
ceptor properties of the corpuscle are 
found. The capsule can be peeled off, 
leaving the inner core exposed without 
causing impairment of the receptor’s 
ability to produce generator and propa- 
gated potentials. It would appear there- 
fore that the peripheral zone, which 
amounts to about 99 percent of the cor- 
puscle’s entire structure, is not required 
for mechanoreception (Fig. 1). 

Due to the intimate relation between 
the inner core and the nerve structures, 
it was not possible to remove entirely 
the former without causing damage to 
the nerve ending. Small fragments of 
the core could, however, be cut out, or 
incisions could be made into the core 
tissue, without the preparation losing its 
characteristics as a mechanoreceptor. 

In a capsule in which the peripheral 
zone is stripped off, myelinated or non- 
myelinated parts of the axon which 
ordinarily lie inside the capsule can be 
compressed, selectively, while their me- 
chanoresponsiveness is being tested. A 
fine steel hook, driven by a microma- 
nipulator, was used for compression. If 
the region of the first node of Ranvier 
(ordinarily intracorpuscular) is com- 
pressed, the production of regenerative 
potentials in response to mechanical 
stimuli is abolished. Generator potentials 
can, nevertheless, still be detected. The 
effect is reversible if low pressures are 
employed. 

Functioning of the nonmyelinated 
nerve ending is required for the produc- 
tion of generator potentials. After 36 
hours of Wallerian degeneration of the 
corpuscle’s afferent axon in situ, no gen- 
erator potentials can be detected in re- 
sponse to mechanical stimulation. In 
addition, support for the foregoing state- 
ment comes from compression experi- 
ments. The nonmyelinated terminal 
stretch is long enough (600 mu) to be 
compressible, in part, or along its entire 
length, by a steel hook. Upon compres- 
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Fig. 1. Phase-contrast photomicrographs of 
an unstained living Pacinian corpuscle of 
which the capsular structure has been pro- 
gressively removed. (a) Corpuscle before 
dissection; (b, c) two stages of the dis- 
sected corpuscle. Note that in ¢ practically 
only the inner core—that is, about 1 per- 
cent of the corpuscle’s entire structure—is 
left over, intact. The corpuscle’s ability to 
produce impulses in response to mechan- 
ical stimuli remained unimpaired at all 
stages of dissection shown. 


sion of the entire ending, all sign of 
generator potential disappears. However, 
production of electric activity does not 
require that the ending be intact. When 
a distal portion of the ending is com- 
pressed, this portion, only, becomes ir- 
responsive. The intact central stump con- 
tinues, nevertheless, to give generator 
potentials when stimulated mechanically. 
The effect is reversible, if low pressures 
are used. Furthermore, a distal portion 
of the corpuscle, including a fragment 
of capsule and nerve ending, can be 
amputated without immediate loss of 
the mechanoreceptor properties of the 
corpuscle’s central remains. It is con- 
cluded that the regenerative potential is 
set up at the first intracorpuscular node 
of Ranvier (5) and that the generator 
potential arises at various active mem- 
brane sites distributed along the non- 
myelinated nerve ending. 

WERNER R. LoEWENSTEIN 

RagueEt RATHKAMP 

Physiology Department, Columbia 
University, College of Physicians 
and Surgeons, New York, N. Y., and 
Instituto de Fisiologia, Universidad 
de Chile, Santiago 
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In vitro Culture of Excised 
Ovules of Papaver somniferum 


Although the embryo (/), the endo- 
sperm (2), and the fruit (3) of angio- 
sperms have been investigated by the 
culture technique, the young ovule, as 
far as I am aware (4), has not been 
reared to maturity under artificial con- 
ditions. The present report on Papaver 
somniferum outlines a technique for the 
successful growth in culture of ovules 
and also summarizes the results of some 
experiments with kinetin and indole- 
acetic acid on their development and 
maturation. 

Young capsules of Papaver were ex- 
cised from the plant and surface-steril- 
ized by dipping in 90 percent alcohol 
and flaming. The capsule was then cut 
open, and a portion of it was fixed at 
once; from the remaining portion, ovules 
(5) were scooped out with a sterile scal- 
pel and planted in Nitsch’s medium (3) 
supplemented with 5 ml/lit of a mixture 
of vitamins (6). This served as the basic 
medium. In some cases the culture me- 
dium was supplemented with kinetin, 
which has recently been reported (7) to 
be extremely potent in inducing cyto- 
kinesis. 

In the basic medium the ovules grew 
to maturity in 23 days, starting from the 
two-celled stage of the proembryo. In 
nature the time interval between polli- 
nation and maturation of ovules is 
shorter and usually extends to about 18 
days. Ovules containing a_ two-celled 
proembryo (Fig. 1A) and free-nuclear 
endosperm were cultured on a medium 
containing kinetin (0.4 mg/lit) and in- 
doleacetic acid (5 mg/lit). Ovules col- 
lected 9 days after planting showed 
globular embryos and cellular endo- 
sperm (Fig. 1B), with food reserves 
similar to those in naturally ripening 
seeds. From the same lot, 23-day-old 
cultures showed completely mature 
seeds, some of which had germinated 
in situ to produce seedlings (Fig. 1C) 
which were quite normal except that 
the radicle and root tip showed local- 
ized callusing. 

A few interesting abnormalities were 
met with. In 9-day-old cultures some of 
the embryos showed lobes in which ac- 
tive meristems were present. Still other 
embryos completely lacked differentia- 
tion but showed radial rows of meriste- 
matic cells toward the margin (Fig. 1D). 
In one embryo the suspensor, which is 
normally a linear row of three or four 
cells, showed the appearance of a globu- 
lar mass. In all these cases the endo- 
sperm was either arrested at the free- 
nuclear stage or had degenerated after 
reaching the cellular stage. 
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Fig. 1. Results obtained with ovules of Papaver somniferum cultured in Nitsch’s medium 
supplemented with kinetin (0.4 mg/lit) plus indoleacetic acid (5 mg/lit). (4) Two- 
celled proembryo at the time of planting (x 107); (B) globular embryo and cellular 
endosperm as seen 9 days after planting (x 107); (C) seedling formed in situ in 23 
days (X 14); (D) 9-day-old undifferentiated embryo with radially arranged meristematic 
cells at the margin (x 107); (Z) eight nuclei in a single hypertrophied endosperm cell 
from a 9-day-old culture (Xx 107). 


In kinetin media the endosperm 
showed a few other changes, like re- 
newed divisions in apparently mature 
cells, accumulation of as many as nine 
nuclei in single hypertrophied cells (Fig. 
1E), and formation of patches of mer- 
istematic cells around enormously en- 
larged endosperm cells. Frequently ma- 
ture embryos having three cotyledons or 
two unequal cotyledons were encoun- 
tered in kinetin media. It may be noted 
that recently Haccius (8) induced twin- 
ning of cotyledons in seeds of Eranthis 
hiemalis by treatment with 2,4-dichloro- 
phenoxyacetic acid, a-naphthalene acetic 
acid, and 2,4,5-trichlorophenoxyacetic 
acid, 

The results obtained support the view 
of Miller et al. (7) that kinetin is a fac- 
tor in cell division. The radial rows of 
meristematic cells seen at the periphery 
of late globular embryos (Fig. 1D) as 
well as the renewed divisions in appar- 
ently mature cells of the endosperm ap- 
pear to have been induced by kinetin. . 

Ovule culture provides a new tool for 
the study of seed physiology. While em- 
phasis has hitherto been laid on the arti- 
ficial culture of excised embryos, the 
present study shows that entire ovules, 
too, are capable of being grown to ma- 
turity. In the culture of embryos it has 
not proved feasible to dissect out very 
early stages without damaging them. 
The culturing of ovules involves no such 
difficulty. Further, it may be possible, by 
suitable modifications of the technique 


a oe 


and by adding various chemicals to the 
culture medium, to cause the formation 
of adventive embryos and even the in- 
duction of parthenogenesis and apogamy 
(9). 

NirMALA MAHESHWARI 
Department of Botany, 
University of Delhi, Delhi, India 
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Book Reviews 


Religion Without Kevelation. Julian 
Huxley. Harper, New York, rev. ed. 
2, 1957. 252 pp. $4. 


Julian Huxley is a well-read man, as 
even a cursory glance at the revised edi- 
tion of Religion Without Revelation will 
reveal. The mass of material paraded 
across the pages here is truly amazing, 
especially when the reader considers that 
Huxley is not talking about his own pro- 
fessional field. As a biologist he obvi- 
ously has, as a person, an intense inter- 
est in religion and its history, but it is 
concern for religion as a human phe- 
nomenon and not as conventional Chris- 
tian theology. 

A comparison with the original edi- 
tion indicates that Huxley has softened 
his attitude toward traditional religion 
considerably. In place of the original 
chapter describing the then (1927) low 
estate of organized religion, he has sim- 
ply substituted a statement of the natur- 
alist’s approach to God. The original 
edition was a more militant book in a 
time of open revolt from traditional 
Christianity; this edition is simply a 
statement of the naturalist’s sincere in- 
terest in religion. 

Perhaps the most striking thing about 
the book as a whole, to a philosopher, 
is that anyone needs to argue that a 
nontheistic religion is possible. The 
Stoics had no God recognizable in our 
sense, and the Epicureans (notably Lu- 
cretius) long ago delivered elaborate 
arguments against transcendent religious 
beliefs. The Christian claim to revela- 
tion is not an assertion that all men 
must subscribe to the Christian beliefs; 
this would be contrary to the meaning 
of revelation. Revelation means that only 
believers accept this particular disclo- 
sure of God as being true, so that if it 
were not natural and possible to live 
without admitting the truth of the reve- 
lation, conversion would have no mean- 
ing. If religion without revelation were 
not always naturally attractive to some 
men, Christianity would lose all distinc- 
tiveness, 

Huxley does give clear and well-docu- 
mented support of the naturalist’s view, 
but it will be a “new conception” (page 
1) only to those people unfamiliar with 
philosophical history. Most of the state- 
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ment, however, is a personal declaration 
of what he, Huxley, believes, and as such 
no one can argue about it. (It is helpful 
to remember that the book was originally 
published as one of a series on “What I 
Believe.” ) 

His call for the application of scien- 
tific method to religion (page 4) seems 
not to have taken hold, and today what 
we find more prevalent is an attempt to 
establish theological methods upon their 
own foundations. Not that science is 
being ignored; the truth is that modern 
science has been completely accepted, 
but it has not seemed able to serve as a 
basis for theological revival. The chal- 
lenge of science seems to have had the 
effect of driving theology in search of its 
own methodology rather than of reform- 
‘ing it as a branch of the natural sciences. 

Huxley’s modern reinterpretation of 
traditional doctrines (for example, the 
trinity treated as nonhuman forces, 
ideals, and human nature) is one pos- 
sible account of what has often been de- 
scribed in different ways, but it surely 
does not of itself prove that traditional 
doctrines can no longer be interpreted 
traditionally by thoughtful persons. God, 
as Huxley indicates, may not be a useful 
hypothesis, as a trinity or otherwise, to 
science; but this does not say that God 
may not remain a hypothesis in non- 
scientific disciplines. Huxley’s reinterpre- 
tation is surely possible; the only ques- 
tion arises from his apparent assumption 
that a new interpretation makes tradi- 
tional views no longer tenable. After all, 
theology may not be as scientific as all 
that. 

FREDERICK SONTAG 
Pomona College 


The Carbohydrates. Chemistry, bid- 
chemistry, physiology. Ward Pigman, 
Ed. Academic Press, New York, 1957. 
xvii + 902 pp. $20. 


This is a complete revision and ex- 
pansion of The Chemistry of the Carbo- 
hydrates by W. Pigman and R. M. 
Goepp, Jr., published in 1948, although, 
according to the editor, considerable 
borderline material has been deleted 
and a number of chapters have been con- 


densed. The present volume contains sec- 
tions on the structure, stereochemistry, 
occurrence, properties, and synthesis of 
the monosaccharides; the chemistry of 
carbohydrate esters; chemistry of the 
glycosides, simple acetals, and thioace- 
tals; chemistry of the polyols; carbo- 
hydrate acids and acid products; carbo- 
hydrate esters and hydrosugars and 
unsaturated derivatives; carbohydrate 
nitrogenous derivatives; oligosaccharides; 
naturally occurring glycosides and gly- 
cosidases; and chemistry of polysac- 
charides, as well as a section on methods 
for the quantitative determination of 
carbohydrates. All of these topics are 
treated in ample detail, with copious 
references to the appropriate literature, 
principally from the standpoint of the 
organic chemist. These chapters would 
serve admirably as a reference work for 
interested individuals and as a text for 
the advanced student of chemistry. 

The volume also contains two new 
chapters, one dealing with photosynthe- 
sis and carbohydrate metabolism and 
the other with carbohydrates and nutri- 
tion. These are adequate in terms of a 
very rapid survey. However, only eighty- 
odd pages of a total of 902 are devoted 
to these aspects of the carbohydrates, 
and they hardly justify the use of the 
terms biochemistry and physiology as 
part of the title of the volume. 

Eart A. Evans, Jr. 

University of Chicago 


Morphological Astronomy. F. Zwicky. 
Springer, Berlin, 1957. iv+299 pp. 
Illus. DM. 49.60. 


This book, by a well-known astrono- 
mer of Mount Wilson and Palomar Ob- 
servatories, is an unusual mixture of 
factual information on one of the most 
important of astronomical subjects— 
galaxies—and a development of the au- 
thor’s ideas on the morphological 
method. These latter he bases on Fara- 
day’s concept “that ultimately all things 
are interrelated in a most surprising 
variety of ways.” 

In his morphological approach to sci- 
ence, the author takes a strong stand 
against the present trend of research to 
learn more and more about less and less. 
“The morphological method always at- 
tempts to attain the most general per- 
spective.” The main emphasis in the 
book is definitely on galaxies—a field in 
which the author uses his own researches 
to illustrate the morphological approach. 
On galaxies, there is a vast amount of 
material of value to both the profes- 
sional astronomer and to the student, in- 
cluding some excellent photographs. We 
cannot help regretting, however, that 
Zwicky keeps all distances of galaxies on 
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the old scale, acknowledged to be in 
great error, without adopting an ap- 
proximate correction to a new scale, The 
author deals with such perennially thorny 
topics as the distribution of galaxies, the 
presence of intergalactic matter, and the 
luminosity function for galaxies. A sub- 
title might well be “Colliding theories 
of galaxies.” 

In addition to galaxies, the author dis- 
cusses a wide variety of topics. As an 
illustration of the morphological ap- 
proach he outlines a standardized. system 
by which scientists can dispose of “Both- 
ersome Inquiries.” In view of the sched- 
ule-disrupting impact of sputniks I and 
II on the lives of many astronomers, 
this section is of particularly pertinent 
and timely interest. Although the mor- 
phological approach demands an “un- 
prejudiced interest in all things” (page 
283), the reader may wonder, from the 
author’s decided opinions on various 
topics—for example, from his comments 
on the program for the 48-inch Schmidt 
telescope at Palomar (page 39) and his 
sweeping disparagement of observational 
astronomy in seven well-known countries 
(page 5)—whether Zwicky himself has 
been able to avoid prejudices. 

Certainly anyone interested in galax- 
ies should familiarize himself with the 
material in this book. In so doing he will 
doubtless become interested in pursuing 
his own lines of reasoning in the light 
of the morphological approach outlined 
by Zwicky. 

Heten Sawyer Hoca 
University of Toronto 


Recent Progress in Hormone Research. 
vol. XIII. Proceedings of the Lauren- 
tian Hormone Conference 1956. Greg- 
ory Pincus, Ed. Academic Press, New 
York, 1957. viii + 646 pp. Illus, $12.80. 


This book follows in the tradition of 
previous volumes of this series in pro- 
viding lucid and provocative accounts of 
endocrinologic subjects of timely inter- 
est. An especially valuable feature of the 
book, as of the earlier volumes, consists 
of a complete coverage of the often 
spirited discussions following the formal 
presentations of the papers by recog- 
nized authorities in endocrinology. 

The present volume is divided into five 
sections. Section I deals with “Neuro- 
humoral-Endocrine Relationships.” The 
first paper, by Udenfriend, Shore, Bog- 
danski, Weissbach, and Brodie, gives a 
cogent account of the “Biochemical, 
physiological and pharmacological as- 
pects of serotonin.” E. Anderson, Bates, 
Hawthorne, Haymaker, Knowlton, M. 
Rioch, Spencer, and H. Wilson report 
new experiments on “The effects of 
midbrain and spinal cord transection on 
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endocrine and metabolic functions with 
postulation of a midbrain hypothalamico- 
pituitary activating system.” A succinct 
analysis of hypothalamic-hypophyseal in- 
terrelations is presented in the paper on 
“Studies on the influence of the central 
nervous system on anterior pituitary 
function,” by Greer. C. P. Richter, in his 
paper on “Hormones and rhythms in 
man and animals,” describes an interest- 
ing correlation of cycles of behavior and 
metabolism in psychiatric patients and 
the production of similar cycles in rats 
through interference with thyroid, pitui- 
tary, and brain function. 

Section II deals with “Hormone 
Transport in Circulation.” Recent con- 
cepts of the binding of thyroid hormone 
and of steroids to proteins in body fluids 
are provided in excellent studies on “The 
interaction of thyroid hormones and 
protein in biological fluids,’ by Robbins 
and Rall, and on “The binding of ster- 
oids and steroid conjugates to human 
plasma,” by Sandberg, Slaunwhite, and 
Antoniades. 

The assignment of section III to “As- 
pects of Reproduction” no doubt stems 
from the recent active interest in the 
effects of the newly synthesized steroidal 
derivatives on reproductive processes in 


man. A fundamental background to the. 


problem is provided in the paper by 
Schlesnyak on “Some experimental stud- 
ies on the mechanism of ova-implanta- 
tion in the rat,” which includes some 
interesting new data on the effects of 
histamine, epinephrine, and ergotoxine 
on decidual cell development and nida- 
tion. Following this are two clinical 
papers, one dealing with “Synthetic pro- 
gestins in the normal menstrual cycle,” 
by Rock, Garcia, and Pincus, and the 
second with “The metabolism of pro- 
gesterone and its clinical use in preg- 
nancy,” by Davis and Plotz. A discussion 
of the use of progestational steroids in 
inhibiting ovulation and in the treatment 
of infertility and habitual abortion in 
women is included in these papers. A 
note of caution is voiced in Carl Hart- 
man’s remarks (page 345) on the pos- 
sible toxic effects with prolonged use of 
these agents. This section is concluded 
with an instructive paper by Junkmanh 
on “Long-acting steroids in reproduc- 
tion,” dealing with the influence of es- 
terified androgens, estrogens, and pro- 
gestogens on reproductive organs and 
processes in rodents. 

Section IV is devoted to “Hormone 
Chemistry and Metabolism.” Mirsky 
gives a clear description of his more 
recent work in “Insulinase, insulinase- 
inhibitors and diabetes mellitus.” Evi- 
dence is presented that a variety of 
compounds of the plant growth hormone 
structure are insulinase inhibitors and 
display hypoglycemic actions in animals. 





The question is raised in the ensuing 
discussion whether some forms of dia- 
betes mellitus might not have a nonen- 
docrine origin. The second paper in this 
section is concerned with a survey of the 
chemical properties and actions of “Glu- 
cagon, a second pancreatic hormone,” 
by Foa, Galansino, and Pozza. Some 
parts of the discussion that follows this 
paper debate the validity of including 
glucagon as a legitimate member of the 
endocrine system. 

Section V includes two comprehensive 
papers on problems relating to “Hor- 
mones and Stress.” The first, by Moore. 
on “Endocrine changes after anesthesia, 
surgery and unanesthetized trauma in 
man,” reports the adrenal cortical re- 
sponse to traumatic experiences in man 
and the possible teleological significance 
of these adrenal alterations. The second 
paper, by Gray and Ramsey, on “Adre- 
nal influences upon the stomach and gas- 
tric responses to stress,” reviews the evi- 
dence for an adrenal-gastric relation in 
animals and man and concludes with a 
consideration of the relation of the adre- 
nal and stress to the production of gas- 
tric ulcers. 

The program organizing committee of 
the Laurentian Hormone Conference, 
the participants, and the publishers de- 
serve praise for their efforts in making 
the present volume one of the best in 
this valuable series. 

ALBERT S, GorDon 
New York University 


The American Economy. Alvin H. Han- 
sen. McGraw-Hill, New York, 1957. 
xv +199 pp. $5. 


The essential part of this short book 
originated in six lectures sponsored by 
the Charles R. Walgreen Foundation at 
the University of Chicago during 1956. 
The lectures are concerned broadly with 
the role of government in the growth and 
progress of the U.S. economy. Hansen 
gives his interpretation of the recent 
course of economic events in the United 
States and Western Europe. He devotes 
much attention to the purposes of the 
Employment Act of 1946 and the way 
in which it was implemented by both 
the Truman and the Eisenhower admin- 
istrations. He treats of monetary policy 
and of standards and values in a rich 
society. The book ends with an essay on 
Keynesian economic thinking and has an 
appendix on Woodrow Wilson as an 
economic reformer. 

Hansen argues that economic stagna- 
tion followed World War I, while ex- 
pansion and growth followed World 
War II, and that this was due to a tran- 
sition from “low pressure economics” to 
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“high pressure economics.” Although 
these phrases—coined by Wallich—are 
not precisely defined by Hansen, they 
seem to be euphemisms for “noninfla- 
tionary” and “inflationary” policies. 
Hansen prefers the second type of eco- 
nomic policy. He summarily dismisses 
the remarkable revival of West Germany 
under “low pressure” (noninflationary ) 
policies—a fact not convenient to his 
thesis—as being due to extensive state 
enterprise, to a large governmental 
budget, and to inflationary policies in 
other countries which created export 
markets for German goods. However, 
Hansen has the facts wrong. On the 
basis of the percentages of total product 
produced in the public and in the pri- 
vate sectors, next to the United States, 
West Germany has the most individual- 
istic economy of the Western nations. 

If “high pressure” economic measures 
are continuously taken by government, 
inflation of the price level must inevit- 
ably result. However, Hansen assures us 
we need fear only “pure inflation,” which 
he defines as a situation in which the 
price level rises without any appreciable 
increase in output. So long as the per- 
centage increase in output exceeds the 
percentage rise in the price level, all is 
well. “It is not probable that we can 
achieve in the next twenty years any- 
thing like the growth of which we are 
capable, without some moderate in- 
creases in wholesale and consumer 
prices,” writes Hansen (page 45). How- 
ever, he does not advocate a monetary 
policy to produce price inflation, and 
he expresses the hope that full economic 
growth can be achieved with stable 
prices (page 49). There is a curious in- 
consistency here. If price inflation is, 
indeed, necessary to call forth maximum 
output, then why should one “hope” that 
price inflation can be avoided? 

This whole line of reasoning ignores 
(as I have pointed out elsewhere) the 
fact that continual price level increases 
over a long enough time generate pub- 
lic expectations which alter public be- 
havior in ways that curtail real output 
and accelerate the rate of price increase. 
In other words, an inflationary policy 
must in the end reduce real output under 
its full potential. However, maximum 
growth of real output is consistent with 
a stable price level only when there is 
adequate mobility of economic resources 
and adequate two-way flexibility of in- 
dividual prices. The attack on the infla- 
tion problem must rely not only upon 
monetary and fiscal measures but also 
upon antimonopoly, tax, international 
trade, and other policies to increase re- 
source mobility and price flexibility. 

Nei H. JAcosy 
Graduate School of Business 
Administration, University of 
California, Los Angeles 
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New Books 


National Science Foundation, Seventh 
Annual Keport for the Fiscal Year Ended 
June 30, 1957. National Science Founda- 
tion, Washington, D.C., 1958 (order from 
Supt. of Documents, GPO, Washington 
25). 279 pp. $1. 

Atoms, Energy and Machines, Jack Mc- 
Cormick, 224 pp.; The Earth’s Story, Ger- 
ald Ames and Rose Wyler, 222 pp.; 
Planets, Stars, and Space, Joseph Miles 
Chamberlain and Thomas D. Nicholson, 
223 pp.; The Way of the Weather, Jerome 
Spar, 224 pp. Published in cooperation 
with American Museum of Natural His- 
tory, New York, by Creative Educational 
Society, Manakato, Wis., 1957. 

System Engineering. An introduction 
to the design of large-scale systems. Harry 
H. Goode and Robert E. Machol. Mc- 
Graw-Hill, New York, 1957. 563 pp. $10. 

Mineral Nutrition and the Balance of 
Life. Frank A. Gilbert. University of Ok- 
lahoma Press, Norman, 1957. 365 pp. 
$5.95. 

Emulsions: Theory and Practice. Paul 
Becher. Reinhold, New York; Chapman 
& Hall, London, 1957. 391 pp. $12.50. 

Thermodynamics of Heat-Power Sys- 
tems. F. W. Hutchinson. Addison-Wesley, 
Reading, Mass., 1957. 501 pp. $8.50. 

Portrait of an American Labor Leader: 
William L. Hutcheson. Saga of the United 
Brotherhood of Carpenters and Joiners of 
America, 1881-1954. Maxwell C. Rad- 
dock. American Institute of Social Sci- 
ence, New York, 1955. 448 pp. $5. 

The Treatment of Trade-Waste Waters 
and the Prevention of River Pollution. 
Proceedings of a course held in the De- 
partment of Civil Engineering, King’s Col- 
lege, Newcastle upon Tyne, 1-12 Apr. 
1957. Peter C. G. Isaac, Ed. Public 
Health Engineering Section, University of 
Durham, King’s College, in association 
with Contractors’ Record Ltd., London, 
England, 1957. 326 pp. 45s. 

Principles of Physical Chemistry. An in- 
troduction to their use in the biological 
sciences. Wallace S. Brey, Jr. Appleton- 
Century-Crofts, New York, 1957. 441 pp. 
$7. 

The Chemical Dynamics of Bone Min- 
eral. William F. Neuman and Margaret 
W. Neuman. University of Chicago Press, 
Chicago, 1958. 220 pp. $5. 

The World Beneath the Waves. Gilbert 
Doukan. Translated by A. and R. M. Case. 
De Graff, New York, 1957. 356 pp. $6. 

Puzzle-Math. George Gamow and Mar- 
vin Stern. Viking, New York, 1958. 119 
pp. $2.50. 

Differential Equations: Geometric The- 
ory. Solomon Lefschetz. Interscience, New 
York, 1957. 374 pp. $9.50. 

Integral Equations. F. G. Tricomi. In- 
terscience, New York, 1957. 246 pp. $7. 

Adventures in Medical Education. A 
personal narrative of the great advances 
of American medicine. G. Canby Robin- 
son. Harvard University Press (for Com- 
monwealth Fund), Cambridge, 1957. 350 
pp. $5. 

The Mango. S. R. Gangolly, Ranjit 
Singh, S. L. Katyal, and Daljit Singh. In- 
dian Council of Agricultural Research, 
New Delhi, 1957. 543 pp. $12. 


Miscellaneous Publications 

(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 

The Lynn Index. A bibliography of 
phytochemistry. Monograph I, Order, 
Centrospermae. Organized and edited by 
John W. Schermerhorn and Maynard W. 
Quimby. Massachusetts College of Phar- 
macy, Boston, 1957. 46 pp. 

Hanunéo Agriculture. A report on an 
integral system of shifting cultivation in 
the Philippines. FAO Forestry Develop- 
ment Paper No. 12. Harold C. Conklin. 
Food and Agriculture Organization of the 
United Nations, Rome, 1957. 209 pp. $2. 

Rubber and Resin Content. William H. 
Minshall. Canada Department of Agricul- 
ture, Ottawa, Ontario, 1957 (available 
from the Author, Science Service Labora- 
tory, University Sub Post Office, London, 
Ontario, Canada). 53 pp. 

The Sarawak Museum Journal. vol. 
VII, No. 9. An annotated checklist of the 
birds of Borneo. B. E. Smythies. The Mu- 
seum, Kuching, Sarawak, 1957. 308 pp. 
$3. 

Booklet on Sanitation History. Cente- 
nary of the graduation of Dr. Carlos J. 
Finlay in Jefferson Medical College. Cesar 
Rodriguez. Ministry of Health and Social 
Assistance, Havana, Cuba, 1956. 74 pp. 

The Structure and Reproduction of 
Some Members of the Rhodymeniaceae. 
Publs. in Botany, vol. 29, No. 3. Shirley 
Ray Sparling. 78 pp. $1.50. A Synopsis of 
Hymenopterous Parasites of Malacosoma 
in California (Lepidoptera, Lasiocam- 
pidae). Publs. in Entomology, vol. 14, No. 
1. Robert L. Langston. 50 pp. $1. The 
Distribution of Radioisotopes of Some 
Heavy Metals in the Rat. Publs. in Phar- 
macology, vol. 3, No. 1. Patricia W. Dur- 
bin, Kenneth G. Scott, Joseph G. Ham- 
ilton. 34 pp. $0.75. Development of 
Hymenolepis Nana and Hymenolepis 
Diminuta (Cestoda: Hymenolepididae) 
in the Intermediate Host Tribolium Con- 
fusum. Publs. in Zoology, vol. 59, No. 9. 
Marietta Voge and Donald Heyneman. 32 
pp. $0.75. University of California Press, 
Berkeley, 1957. 

Shall I Study Geological Sciences? 
American Geological Institute, 2101 Con- 
stitution Ave., NW, Washington, D.C. 16 
pp. Free; five or more copies, $0.10 each. 

Directory of Geological Material in 
North America. J. V. Howell and A. I. 
Levorsen. Revised by Robert H. Dott and 
Jane Weaver Wilds.: American Geological 
Institute, Washington, ed. 2, 1957. 208 
pp. $3. 

Commonwealth Scientific and Indus- 
trial Research Organization, Australia, 
Ninth Annual Report. For the year ending 
30 June 1957. Commonwealth of Aus- 
tralia, Melbourne, C.2, 1957. 36 sections. 

The Development of a Mobile Acoustics 
Laboratory. WADC Rept. 56-656. Lothar 
O. Hoeft. 25 pp. Metrical Relations 
among Dimensions of the Head and Face. 
WADC Tech. Rept. 56-621. Edmund 
Churchill and Bruce Truett. 127 pp. 
Wright Air Development Center, Air 
Research and Development Command, 
Wright-Patterson Air Force Base, Ohio, 
1957 (order from ASTIA Document Serv- 
ice, Knott Building, Dayton 2, Ohio). 
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Meetings and Societies 


Origin of Life 


An international symposium on the 
Origin of Life on Earth was held in 
Moscow, U.S.S.R., 19-24 August 1957. 
The symposium was organized by the 
Academy of Sciences of the U.S.S.R. 
under the auspices of the International 
Union of Biochemistry. The general 
chairman of the conference was A. I. 
Oparin, author of the book The: Origin 
of Life on Earth, which appeared re- 
cently in its third edition. A full pub- 
lication comprising the papers and dis- 
cussion at the symposium is in prepara- 
tion. 

The group from the United States 
was the largest of those from any of the 
17 foreign countries represented, the 
total being over 40 scientists from out- 
side the U.S.S.R. The American par- 
ticipants were Melvin Calvin, Erwin 
Chargaff, Sidney W. Fox, Heinz Fraen- 
kel-Conrat, Norman H. Horowitz, Stan- 
ley L. Miller, Alfred E. Mirsky, Linus 
Pauling, Stanley Scher, and Wendell M. 
Stanley; Christopher Reid was present 
from Canada. Stanley and Fox were 
delegates from the National Committee 
of Biochemistry of the United States. 
Calvin presided at the closing session, 
at which it was resolved to request the 
International Union of Biochemistry to 
hold this subject on its agenda for fu- 
ture symposia. 

In the first session, various ideas con- 
cerning the primitive atmosphere, hydro- 
sphere, and lithosphere were discussed. 
Much of this bore on the origin of petro- 
leum as well as on the origin of life, and 
the notion of an abiogenic origin of 
petroleum received renewed attention. 
V. A. Sokolov attempted to trace the 
earth through its stages of formation, 
warming, cooling, and biogenesis. J. D. 
Bernal gave a particularly lucid analysis 
of the component problems in the study 
of life’s origin. During the discussion, 
Horowitz developed the point of view 
that the genes are the only living parts 
of the cell, everything else being prod- 
ucts of genic activity. A. E. Braunstein 
argued, however, that only the entire 
cellular system shows the properties of 
life. 

In the second session, Miller presented 
recent data on his well-known experi- 
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ments on the formation of amino acids 
from assumedly primitive gases. He re- 
ported that carbon monoxide may be 
substituted for methane, and ultraviolet 
radiation for electrical discharge. Car- 
bon monoxide as a component of ex- 
perimental mixtures of gases insures re- 
ducing conditions. Experiments of this 
sort have been extended in A. G. Passyn- 
sky’s laboratory. Braunstein discussed 
ways in which some of the more com- 
plex amino acids may have arisen. Berg, 
a geochemist, explained how life might 
have begun in the earth or at the bot- 
tom of a shallow pool, either locale 
serving to protect the first life from de- 
structive radiation. 

In the session on the origin of pro- 
teins, nucleoproteins, and enzymes, S. 
Akabori discussed how a_polyglycine 
might have arisen and been gradually 
supplanted by side chains. Experiments 
with polyglycine on kaolinite, to yield 
serine, threonine, and leucine or isoleu- 
cine residues, were described. Calvin’s 
talk on chemical evolution stressed the 
similarities of reactions of biological and 
of organic chemistry. Pauling discussed 
duplication of molecules in organisms. 
R. L. M. Synge pointed out that the 
amino acids in the biochemistry texts 
are essentially the same as those de- 
scribed 30 years ago. Fox reported ther- 
mal experiments producing amino acids 
and peptides from the critical dicarbox- 
ylic amino acids and yielding the nucleic 
acid intermediate, ureidosuccinic acid. 
These reactions are linked; a benthic 
locale and a chemical memory mecha- 
nism were proposed. M. G. Kritzman re- 
ported on enzymic behavior in simple 
proteins. 

In the next session, Chargaff reported 
that all deoxyribonucleic acid prepara- 
tions examined consist of tracts of poly- 
pyrimidines and polypurines in groups 
of three, and that the arrangements 
are far from random. Fraenkel-Conrat 
raised the question of whether virus re- 
search should be represented at the 
symposium and reported on his work. 
In his studies of recombination of nu- 
cleic acid and protein preparations, the 
nucleic acid is now recognized to be 
totally dominant. G. Schramm empha- 
sized the importance of polyphosphate 
in natural polymerization and therefore 





probably in prebiological chemistry. 
Stanley spoke on the nature of viruses, 
genes, and life, with special emphasis on 
relationships between viruses and genes 
as represented especially by the trans- 
duction phenomenon. He also stressed 
the central place of the viruses in pro- 
viding a transition from molecules to 
organisms, Mirsky reported on his recent 
experiments in which small polynucleo- 
tides can substitute for nucleic acids and 
serve as cofactors for synthesis of adeno- 
sine triphosphate. The discussion at the 
end of this day concerned such problems 
as defining life and deciding whether 
viruses are alive. In summary, Oparin 
asked if life is merely nucleic acid and 
protein or these plus the rest of the cell. 

In the session on origin of structure 
and metabolism, Oparin discussed work 
with coacervates. F. B. Straub expressed 
his view that a single precursor may 
serve in the production of separate en- 
zymes—an inference which has support 
from other recent work. G. A. Deborin 
emphasized that proteins do not occur 
singly. 

In a first session on evolution of me- 
tabolism, Braunstein and W. L. Kreto- 
vich presented reasons for believing that 
aspartic acid is more primitive than 
glutamic acid. Braunstein and M. Ishi- 
moto each cited P. W. Wilson for evi- 
dence that ammonia is an intermediate 
in nitrogen fixation. 

In the next session, Reid discussed the 
production of amino acids and the fact 
that irradiation of cystine yielded six or 
seven amino acids. D. I. Sapozhnikov 
discussed the evolution of phototrophy. 
Scher amplified Copeland’s proposal, 
supported by his own nutritional data, 
that life began in thermal waters. The 
discussion at this, the closing session, 
centered on the concept of thermal ori- 
gins. Bernal commented that early short- 
chain proteins may have been more 
thermostable than contemporary pro- 
teins. A concept of the recapitulation 
of prebiotic pathways by biotic path- 
ways, as proposed by Fox’s thermal 
theory, was criticized by some of the 
discussants, supported by others. Oparin 
closed the discussion on the note that 
the divergences of opinion expressed in 
the symposium cannot be settled by 
vote or debate—a statement which re- 
peated what Pauling had said earlier. 

The arrangements for the symposium 
followed the pattern of similar interna- 
tional conferences held in Russia within 
the last 2 years. Invited foreign partici- 
pants were provided, upon arrival, with 
a sum of rubles calculated on the basis 
of 100 per day. Hotel bills, banquets, 
and railroad tickets were gratis. Various 
visitors spent money on records, books, 
telephone calls to home (48 rubles or 
$12 official rate, $4.80 unofficial rate, to 
the United States), caviar, tickets to the 
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ballet, the puppet show, art centers, and 
so on. 

The scientific program was printed in 
both Russian and English. Translation 
through headphones was provided by a 
corps of translators who translated Eng- 
lish into Russian, Russian into English, 
and German or French into Russian. 
The quality of some of these transla- 
tions was inferior to the superb service 
at the United Nations sessions, for ex- 
ample, and was such as to hamper dis- 
cussion seriously in some cases. Guides 
were available for official tours, and were 
optional for informal sightseeing. 

Institutes visited in Moscow included 
the Bakh Institute of Biochemistry (A. 
I. Oparin, director), the Microbiology 
Institute, the Vernadsky Institute of 
Analytical and Geochemistry, and the 
Institute of Genetics (T. Lysenko, di- 
rector). In Leningrad, the institutes vis- 
ited included the Pavlov Institute, the 
very well equipped Macromolecular In- 
stitute, and the Botanical Institute. 
Other visits included art museums, the 
Lenin-Stalin mausoleum, the Kremlin, 
and the State University of Moscow. 

Because of the interdisciplinary na- 
ture of biochemistry, it was possible to 
form comparative opinions about fields 
of science in Russia. Physics appears to 
be most favored, chemistry next, and 
biology least. Biology, in the opinion of 
Americans, also suffers from belated 
recognition of the value of modern de- 
velopments in genetics. The chair of 
genetics at the University of Moscow 
was vacant, for example. Remarks based 
on Beadle’s’ concepts of gene-reaction 
relationships were of diminished signifi- 
cance to Russian observers interested in 
the origin of life. 

The visitors found that the scientists 
and others, even on the street, were very 
eager to communicate with visitors and 
were friendly. The hosts were extremely 
hospitable: 

Swney W. Fox 
Oceanographic Institute, Florida 
State University, Tallahassee 


Forthcoming Events 
March 


9-14, International College of Sur- 
geons, 11th biennial cong., Los Angeles, 
Calif. (K. A. Meyer, 1516 Lake Shore 
Dr., Chicago 10, Ill.) 

10-13. American Assoc. of Petroleum 
Geologists, annual, Los Angeles, Calif. 
(R. H. Dott, AAPG, Box 979, Tulsa 1, 
Okla.) 

10-13. Society of Economic Paleontolo- 
gists and Mineralogists, annual, Los An- 
geles, Calif. (R. H. Dott, Box 979, Tulsa, 
Okla. ) 

16-21. Nuclear Engineering and Sci- 
ence Cong., Chicago, Ill. (D. I. Cooper, 
Nucleonics, 330 W. 42 St., New York.) 

17-21. National Assoc. of Corrosion 
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Engineers, 14th annual, San Francisco, 
Calif. (NACE, Southern Standard Bldg., 
Houston 2, Tex.) 

18-20. Amino Acids and Peptides, Ciba 
Foundation symp. (by invitation), Lon- 
don, England. (G. E. W. Wolstenholme, 
41 Portland Pl., London, W.1.) 

19. Clinical Uses of Nuclear Reactors, 
symp., Cambridge, Mass. (C. J. Malets- 
kos, Medical Dept., Massachusetts Inst. of 
Technology, Cambridge 39.) 

20-22. Michigan Acad. of Science, Arts 
and Letters, annual, Ann Arbor. (R. F. 
Haugh, Dept. of English, Univ. of Michi- 
gan, Ann Arbor.) 

20-22. Pulmonary Circulation Conf., 
Chicago, Ill. (Wright Adams, Chicago 
Heart Assoc., 69 W. Washington St., Chi- 
cago 2.) 

20-23. International Assoc. for Dental 
Research, annual, Detroit, Mich. (D. Y. 
Burrill, Northwestern Univ. Dental 
School, 311 E. Chicago Ave., Chicago 11, 
Ill. 

23-26. American Assoc. of Dental 
Schools, annual, Detroit, Mich. (M. W. 
McCrea, 42 S. Greene St., Baltimore 1, 
Md.) 

23-29. American Soc. of Photogram- 
metry, 24th annual, jointly with Ameri- 
can Cong. on Surveying and Mapping, 
18th annual, Washington, D.C. (C. E. 
Palmer, ASP, 1515 Massachusetts Ave., 
NW, Washington 5.) 

24-26. Aero Medical Assoc., 29th an- 
nual, Washington, D.C. (T. H. Suther- 
land, Box 26, Marion, Ohio.) 

24-27. Institute of Radio Engineers, 
natl. conv., New York. (G. W. Bailey, 
IRE, 1 E. 79 St., New York 21.) 

26-28. American Power Conf., 20th 
annual, Chicago, Ill. (Illinois Inst. of 
Technology, 35 W. 33 St.. Chicago 16.) 

27-29. American Physical Soc., Chi- 
cago, Ill. (E. R. Fitzgerald, Dept. of 
Physics, Pennsylvania State Univ., Uni- 
versity Park.) 

27-29. Mechanisms of Hypersensitivity, 
8th internatl. symp., Detroit, Mich. (W. 
J. Nungester, Dept. of Bacteriology, Univ. 
of Michigan, Ann Arbor.) 

27-29. National Science Teachers As- 
soc., 6th natl., Denver, Colo. (R. H. 
Carleton, NSTA, 1201 16 St., NW, Wash- 
ington 6.) 

27-29. Optical Soc. of America, an- 
nual, Washington, D.C. (S. S. Ballard, 
Scripps Institution of Oceanography, San 
Diego 52, Calif.) 

28. New Jersey Acad. of Science, 3rd 
annual, Newark. (H. L. Silverman, Nut- 
ley Public Schools, Nutley, N.J.) 

29. South Carolina Acad. of Science, 
annual, Charleston. (Miss M. Hess, Dept. 
of Biology, Winthrop College, Clemson, 
S.C.) 

29-30. American Psychosomatic Soc., 
15th annual, Cincinnati, Ohio. (T. Lidz, 
551 Madison Ave., New York 22.) 

30-3. American College Personnel As- 
soc., annual, St. Louis, Mo. (L. Riggs, 
DePauw Univ., Greencastle, Ind.) 


April 
1. Microcirculatory Conf., 5th, Buffalo, 
N.Y. (S. R. M. Reynolds, Dept. of Anat- 


omy, Univ. of Illinois College of Medi- 
cine, 1853 W. Polk St., Chicago 12.) 


1-3. Corrosion Control, 5th annual 
conf., Norman, Okla. (M. L. Powers, Ex- 
tension Div., Univ. of Oklahoma, Nor- 
man. ) 

2-4. American Assoc. of Anatomists, 
annual, Buffalo, N.Y. (L. B. Flexner, 
Dept. of Anatomy, School of Medicine, 
Univ. of Pennsylvania, Philadelphia 4.) 

2-4. Instruments and Regulators Conf., 
Newark, Del. (W. E. Vannah, Control 
Engineering, 330 W. 42 St., New York 
36.) 

3-5. Pennsylvania Acad. of Science, 
annual, Easton, Pa. (G. R. Stevens, Dept. 
of Geology and Geography, Lafayette 
College, Easton.) 

4-5. Southern Soc. for Philosophy and 
Psychology, annual, Nashville, Tenn. (W. 
B. Webb, U.S: Naval School of Aviation 
Medicine, Pensacola, Fla.) 

7-11. American Assoc. of Cereal Chem- 
ists, annual, Cincinnati, Ohio. (J. W. 
Pence, Western Utilization Research Lab- 
oratories, Albany, Calif.) 

8-10. Electronic Waveguides Symp., 
New York. (J. Fox, Microwave Research 
Inst., Polytechnic Inst. of Brooklyn, 55 
Johnson St., Brooklyn 1, N.Y.) 

9-12. National Council of Teachers of 
Mathematics, Cleveland, Ohio. (M. H. 
Ahrendt, NCTM, 1201 16 St., NW, 
Washington 6.) 

9-14, Applied Psychology, 13th inter- 
natl. cong., Rome, Italy. (L. Meschieri, 
National Inst. of Psychology, Rome.) 

10-11. American Inst. of Chemists, an- 
nual, Los Angeles, Calif. (L. Van Doren, 
AIC, 60 E. 42 St., New York 17.) 

10-12. Biometric Soc., ENAR, Gatlin- 
burg, Tenn. (T. W. Horner, General 
Mills, Inc., 400 Second Ave. South, Min- 
neapolis 1, Minn.) 

10-12. National Speleological Soc., an- 
nual, Gatlinburg, Tenn. (G. W. Moore, 
Geology Dept., Yale Univ., New Haven, 
Conn.) 

10-12. Ohio Acad. of Science, annual, 
Akron, Ohio. (G. W. Burns, Dept. of 
Botany, Ohio Wesleyan Univ., Delaware. ) 

11. Vitamin B-12 Symp., New York, 
N.Y. (Miss J. Watson, 451 Clarkson Ave., 
Brooklyn 3, N.Y.) 

11-12. Eastern Psychological Assoc., 
annual, Philadelphia, Pa. (G. Lane, Dept. 
of Psychology, University of Delaware, 
Newark.) 

11-18. Horticultural Cong., 15th inter- 
natl., Nice, France. (Secretariat General, 
84, rue de Grenelle, Paris 7°, France.) 

12. Society for the Scientific Study of 
Religion, New York. (L. Whitman, 297 
Fourth Ave., New York, N.Y.) 

13-14, American Soc. for Artificial 
Internal Organs, Philadelphia, Pa. (G. 
Schreiner, Georgetown Univ. Hospital, 
Washington 7.) 

13-18. American Chemical Soc., 133rd, 
San Francisco, Calif. (R. M. Warren, 
ACS, 1155 16 St., NW, Washington 6.) 

13-19, Federation of American Socie- 
ties for Experimental Biology, annual, 
Philadelphia, Pa. (M. O. Lee, FASEB, 
9650 Wisconsin Ave., Bethesda 14, Md.) 

14-16. Automatic Techniques Conf., 
Detroit, Mich. (J. E. Eiselein, RCA, Bldg. 
10-7, Camden 2, N.J.) 


(See issue of 24 January for comprehensive list) 
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Washington, D.C. 


A frank and penetrating 
study in which the ‘“hang- 
over” is shown to be symp- 
tomatic of the specific under- 
lying personality disorders 
leading to alcoholism. Sum- 
maries of these case histories 
are incorporated in the interpretations. REFLECTED IN 
THE HANGOVER ARE VIRTUALLY ALL PSYCHOLOGI- 
CAL ASPECTS OF ALCOHOLISM. 



































From the Reviews: 


“Dr. Karpman, in terse and often moving language, lifts 
the curtain on ‘slices’ in the lives of fourteen alcoholics 
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recurring problem of guilt’ ’’—Newsweek 


“The orientation is psychoanalytic and the presentation so 
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Psychology. 
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of the psychodynamics of alecoholism.’’—Digest of Neurology 
and Psychiatry 
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LETTERS 


The editors take no responsibility for 
the content of the letters published in this 
section. Anonymous letters will not be con- 
sidered. Letters intended for publication 
should be typewritten double-spaced and 
submitted in duplicate. A letter writer 
should indicate clearly whether or not his 
letter is submitted for publication. For ad- 
ditional information, see Science 124, 249 
(1956) and 125, 16 (4 Jan. 1957). 


Image of the Scientist 


The article by Margaret Mead and 
Rhoda Métraux, “The Image of the 
Scientist among High-School Students” 
[Science 126, 384 (1957)], should not, I 
feel, go unchallenged. While I am ex- 
tremely dubious about the wisdom of 
certain of their recommendations, I will 
confine my comments to the relevance 
of the conclusions to the data. 

Their major conclusion is summed up 
in the following quotation: “In general, 
the study shows that, while an official 


image of the scientist—that is, an image. 


that is the correct answer to give when 
the student is asked to speak without 
personal career involvement—has been 
built up which is very positive, that is 
not so when the student’s personal 
choices are involved. Science in general 
is represented as a good thing. . . . How- 
ever, when the question becomes one of 
personal contact with science, as a career 
choice or one involving the choice of a 
husband, the image is overwhelmingly 
negative.” 

How is this conclusion established? 
Great emphasis is placed on the fact that 
forms II and III of those cited in the 
article ask a question in personal terms, 
whereas form I asks a question in im- 
personal terms. No evidence is presented, 
however, to show that the difference in 
responses to the forms is a function of 
the personal element. The fact is, form I 
is deliberately phrased with neutral emo- 
tional content, form II calls for a listing 
of sympathetic responses, and form III 
evokes antipathetic responses. This cir- 
cumstance alone might be sufficient to 
account for the differences in the re- 
sponses, 

As a matter of fact, the statement is 
made, “The ‘official’ image of the sci- 
entist . . . which was evoked primarily 
in form I, but which recurs in the an- 
swers to all three forms, is a positive 
one” (italics mine). The basis for the 
conclusion that “the image is over- 
whelmingly negative” comes from un- 
authenticated data originating wiholly 
outside the scope of the investigation. 
The key paragraph is: “But this image 
. . . is one which is likely to invoke a 
negative attitude as far as personal 
career or marriage choice is concerned. 
While the rejection of the negative 
image is, of course, immediately clear, 
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the positive image of very hard, only 
occasionally rewarding, very responsible 
work is also one which, while it is re- 
spected, has very little attraction for 
young Americans today. They do not 
wish to commit themselves to long-time 
perspectives, to dedication, to single ab- 
sorbing purposes, to an abnormal rela- 
tionship to money, or to the risks of 
great responsibility. These requirements 
are seen as far too exacting.” 
Appended to the foregoing passage is 
the following remarkable footnote: “In 
this statement, we draw not only on the 
attitudes in this study but on a wide 


variety of other materials on the atti- 
tudes of contemporary young Ameri- 
cans.” No references, no citations of au- 
thorities or of previous studies, just a flat 
statement that contemporary youth is 
unsympathetic to its image of the scien- 
tist. Even if this assertion be accepted 
as true, why the condescension toward 
contemporary American youth? In how 
many societies, in how many ages, 
would a broad cross section of the popu- 
lation (let alone youth) display devotion 
to long-term perspectives and single ab- 
sorbing purposes? 

This study, however, fails to establish 
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that there is in fact a dichotomy between 
youth’s images and aspirations. It fails 
to show that the image is substantially 
inaccurate (say, more inaccurate than 
the image held of other professions and 
trades). Nor is there anything in the 
data that would lead one logically to 
adopt the recommendations, some of 
which are simple good sense and others 
of which I regard as potentially dis- 
astrous for the position of science in our 
society. 

The basic approach of the study to the 
problem of attracting youth to science is 
framed in terms of “how can we make 
science appear appealing to youth?” The 
proper questions, I submit, are, “How 
can we get across to youth an accurate 
image of science?” and “How can we 
evoke in a sufficient number of youths 
a personal identification with the admit- 
tedly prevalent positive image of sci- 
ence?” If it comes to changing science or 
changing youth, I’m for changing youth. 
Mead and Métraux do not appear to 
have considered the latter possibility. 

SANDER RuBIN 
International Business Machines 
Corporation, Poughkeepsie, New York 


In his letter discussing “The Image of 
the Scientist among High-School Stu- 
dents” [Science 126, 384 (1957)], Sander 
Rubin raises a question about “a dichot- 
omy between youth’s images and aspira- 
tions,’ and also expresses doubt about 
the relevance of the conclusion that 
“when the question becomes one of per- 
sonal contact with science as a career 
choice or one involving the choice of a 
husband, the image is overwhelmingly 
negative.” It is his suggestion that the 
circumstance that the three questions 
asked of the high-school students were 
differently phrased—so as to elicit dif- 
ferent kinds of response—‘‘might be suf- 
ficient to account for differences in the 
responses,” 

It is the congruence in the answers to 
the questions, whether neutrally, posi- 
tively, or negatively phrased, that sup- 
ports the conclusion as stated. In his 
question about “images” and “aspira- 
tions’—if in this Rubin is referring to 
the students’ image of the scientist and 
their image of their own desired futures— 
he has hit upon one of the major issues 
—namely, the divergence between the 
high-school students’ picture of what a 
scientist’s life must be and their picture 
of what they would like their own futures 
to be. This divergence was also clearly 
documented in the responses of the stu- 
dents. In our discussion, the focus was 
upon the image of the scientist rather 
than upon the students’ aspirations. 

An illustration based on one general 
point in the answers may serve to clarify 
the question. 

The scientist, in answers to any one 
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of the three questions, is described as 
someone who works for very long hours 
in his laboratory and/or as someone who 
may have to travel to distant places. In 
describing the kind of scientist they 
would like to be or to marry (question 
II), students then describe one who 
“keeps regular hours” and who “has 
time for his family,” and so on. In de- 
scribing the kind of scientist they would 
not like to be or to marry (question IIT), 
the students write about the kind who 
is “always in his laboratory,” who “has 
to travel,” or who “has no time for his 
family.” Thus, the “positive” and “nega- 
tive” questions elicit responses which are 
congruent with each other and refer to 
a characteristic of the life of the scientist 
(as visualized by the students) which 
occurs in all phrasings of the question, 
but both responses indicate divergence 
from the picture they have of their own 
future, for only if, for example, the 
scientist—who works long hours—could 
work “regular hours” would science be 
a desirable career. Thus, however the 
question is phrased, the response is nega- 
tive from the point of view of career 
choice. 

Marcaret Mean 
American Museum of Natural History, 
New York, New York 

Ruopa MEtrAux 
Cornell Medical College 
New York, New York 


Soviet Support of Science 


For a considerable period of time now 
the comings and goings of Sputnik have 
dominated the news. Their implications 
were discussed in a recent editorial in 
Science [126, 803 (1957)]. Although the 
Russian achievement has caused great 
surprise all over the world, American sci- 
entists and officials have properly noted 
that the U.S. satellite program will 
shortly be in a position to close this gap 
in scientific accomplishment. However, 
there is a much more serious implication 
to the Russian satellite which has re- 
ceived little attention. And that is the 
question of how Russian science has been 
able to produce, in quick succession, 
hydrogen bombs and atomic plants, jet 
transports and super jet bombers, as well 
as the intercontinental ballistic missile 
and the satellite. 

It is perhaps obvious to say that these 
accomplishments are not mere coinci- 
dence but instead reflect the support 
given science and science education in 
the U.S.S.R. It is this program of sup- 
port which is the important reality be- 
hind the spectacular break-through of 
Sputnik, for since its inception the Soviet 
government has regarded the training of 
scientific and technological personnel as 
its key problem. The Russian solution 
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for this problem is based on the follow- 
ing: ; 
1) The government subsidizes com- 
pletely the training and education of sci- 
entists, The more capable the student is, 
the greater the subsidy given him. As a 
result, scientists are now being trained 
at a rate four times our own rate, and 
the U.S.S.R. will shortly have greater 
resources of technical personnel than the 
rest of the world combined. [C. E. Sim- 


2) The salaries for scientists are in 
the highest income brackets. The dis- 
coverers and purveyors of knowledge 
(such as the knowledge that made Sput- 
nik successful) receive higher pay than 
the directors of the factories in which 
this knowledge is applied. For example, 
the director of a Metallurgical Institute 
may receive $200 per month more than 
the directors of the factories served by 


monds, Technical Education in the the institute, while a professor in the 
U.S.S.R. (Society for Cultural Rela- same institute can receive a greater sal- 
tions with the U.S.S.R.,° London, ary than the chief engineer at the plant. 
1957) ]. (‘Report of the Delegation of British En- 
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gineers,” Publs. Inst. Mech..Engrs. (Lon- 
don, 1957)]. 

3) There is no stint on the provision 
of permanent research facilities free 
from the threat of curtailment with each 
new budget. Consequently, established 
scientists do not need to seek administra- 
tive posts in order to guarantee family 
security, while capable young scientists 
are not plagued by the uncertainty of 
temporary positions and curtailed funds. 

4) Research institutes seem to be pro- 
vided with 5-year budgets, improving 
continuity and freeing creative effort 
from the drain of yearly renewals and 
reports. The impact of this increased 
stability on the fundamental program is, 
of course, obvious. 

5) Research arrangements are di- 
rected toward reducing the useless work 
performed by scientists and increasing 
the application of brain power to funda- 
mental problems. Technicians and labo- 
ratory assistants trained at the B.S. level 
and specialized in laboratory skills are 
available in large numbers; it is com- 
mon for each responsible investigator to 
have four such assistants. 


6) Last but very far from least, sci- 
entists and in particular academic per- 
sonnel are accorded prestige second to 
none. The president of the U.S.S.R. 
Academy of Sciences is regarded as a 
national hero along with the top political 
leaders and leading artists, with all levels 
of scientific personnel receiving com- 
mensurate recognition. 


In the light of these considerations, 
the Sputnik is hardly to be viewed as a 
spectacular break-through but rather as 
an early harvest of unlimited support for 
science. Needless to say, future harvests 
of this type can quickly end Western 
technical supremacy. In the final anal- 
ysis, however, it is not the relative posi- 
tion as such that matters, but the under- 
lying relation between living standards, 
technological progress, and the quantity 
and quality of scientific research. Al- 
though no simple equation covers these 
relations, fundamental advances in sci- 
ence are certainly a sine qua non for 
rapid progress in a technological age. A 
national policy which fails to recognize 
this can result only in a population 
ideologically unprepared for the acceler- 
ated impact of technology and, there- 
fore, incapable of developing adequate 
resources of creative power. 

Irrespective of how little one may like 
the Soviet political system, and without 
in any way proposing that this country 
duplicate the Russian approach to the 
relationship of science and society, the 
major challenge of bold steps in this di- 
rection must be met by purposeful plan- 
ning, beginning now. 

R. J. RutMan 
John Harrison Laboratory of Chemistry, 
University of Pennsylvania, Philadelphia 
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100 MANY 
VARIABLES? 


It’s time to draw a line. 
Straighten out your cleaning 
problems with 


HAEMO-SOL 


There’s nothing like Haemo-Sol’s 
unique cleansing power and positive 
rinsing . . . it’s completely safe! No 
etching! No corroding of metal parts! 
Immediate Haemo-Sol bath for 
valuable volumetric and optical 
equipment prevents soil etching! 


Haemo-Sol guarantees clean laboratory 
glassware and apparatus— 


exvemoves the full range of lab- 
oratory soils 

e effectively digests protenoid ma- 
terials . . . other types of poly- 
meric materials 

e assures free draining pipets ... 
burets 


e gives sparkling clear surfaces 
1 for quartz and glass absorption 
i cells 
e@ provides chemically clean reac- 
tion and titration flasks 
@ leaves the clean surfaces that are 
a must for the smooth operation 
of fractionating columnsandother 
pieces of laboratory equipment. 


And, just as important as its unique 
cleaning power, is Haemo-Sol’s high 
solubility and powerful solubilizing action. 
Haemo-Sol washed glassware rinses com- 
pletely clean . . . nothing remains behind 
but a chemically clean, free draining glass 


surface. 

Write 

TODAY for 

Sample and et ao : 
Literature. 





— 


Distributed by 


MEINECKE & CO., INC. 


233 Varick Street A i. 
New York 14 : : 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


™ DYNAMIC ACCELEROMETER operates from 
3 cy/sec to 60 kcy/sec with response + 6 
percent between 5 cy/sec and 40 kcy/sec. 
Acceleration range is 0.01 to 1000 g. 
Transverse response is within 5 percent. 
The transducer operates on an electro- 
kinetic principle. A polar liquid, when 
forced through a porous substance, cre- 
ates an electric potential across the sub- 
stance. The response is free from natural 
resonances. Shocks of 5000 g leave the 
instrument undamaged. (Consolidated 
Electrodynamics Corp., Dept. $879) 


™@ ELECTROMAGNETIC. FLOWMETER over- 
comes the requirement for constancy of 
magnetic field by utilizing a reference 
voltage proportional to the magnetic 
field. Comparison of the reference signal 
with the voltage induced in the flowing 
liquid provides an actuating signal for 
operating an indicating servo. Unob- 
structed-bore metering sections range in 
diameter from ¥% to 8 in. Full-scale 
range is manually adjustable. Accuracy 
for flows 0 to 3 ft/sec and above is +1 
percent. (Fischer and Porter, Dept. 
S880) 


™ CRYSTAL OVEN uses proportional con- 
trol to maintain temperature constant 
to 0.1 percent of ambient-temperature 
change. A temperature-sensitive resist- 
ance bridge is used for both heating and 
temperature sensing. The control point 
can be preset at any temperature be- 
tween 10° and 100°C above ambient. 
An accessory one-tube oscillator con- 
trolled by the thermostatted crystal fur- 
nishes a 1 Mcy/sec signal stable to +1 
part in 108 per day. (Manson Labora- 
tories Inc., Dept. S895) 


™ ELECTRONIC TACHOMETER measures ro- 
tational speeds from 0.1 to 10,000 rev/ 
min. Radial lines scribed on a rotating 
disc interrupt a light beam in the trans- 
ducer, producing 360 pulses/rev. The 
pulse rate is indicated on a meter. 
(Southwestern Industrial Electronics Co., 
Dept. S896) 


™ AUTOMATIC FILM PROCESSOR develops 
and dries 16-mm film at the rate of up 
to 10 ft/min. The processor, about the 
size of a standard file drawer, will han- 
dle film lengths from 1 ft to 400 ft with- 
out changing or replenishing chemical 
solutions. After insertion of the first 2 
in. in a slot, the film travels automati- 
cally through a series of chemical baths. 





Her ZL Za 
LABORATORY EFFICIENCY 
LLL 


C462 


] H 
lO AA heed FV 
SAVES TIME—SPACE—MONEY 


Originally introduced by Ace in 1950 
with $ 14/35 joints. ¢ 

Additional assemblies and compo- 
nents added in 1954, and joints con- 
verted to $ 14/20 size. 

Now, in 1957, Ace makes an- 
other advancement with many new 
components, and many items 


equipped with $18/19 joints; truly 
the most versatile line of 
small-scale glasswar¢ 

available. 





deseribing the All-New ACE “Mini-Lab” 


Also in stock at our Midwestern Division, ~ 
Louisville, Ky., Box 996. 


ACE GLASS INCORPORATED 
QS) Witwentem Division 


omectatisr[s La 


LOUISVILLE, KY.—Box 996 
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After leaving the last tank, it enters a 
drying compartment; when it emerges, 
it is wound on a roller ready for pro- 
jection. (Fairchild Camera and Instru- 
ment Corp., Dept. S898) 


™ COLORIMETRIC TITRATION KIT, for in- 
stallation in the manufacturer’s electronic 
colorimeter, permits colorimetric titra- 
tions to be carried out directly in the 
instrument. The kit consists of a mag- 
netic stirrer for sample stirring and a 
hinged lid assembly for introducing a 
burrette into the cell compartment. 


(Fisher Scientific Co., Dept. $909) 





™ THERMAL RIBBON consists of a resist- 
ance element of high-nickel-content al- 
loy wire encased in a flexible outer cov- 
ering. Less than 0.02 in. thick, the rib- 
bon may be cemented to surfaces to 
permit detection of surface temperature. 
Thermal lag is said to be negligible. Self- 
adhering types are available. (Minco 


Products, Inc., Dept. S904) 


@ INFRARED HEATER of quartz is available 
in lengths up to 72 in. and in wattages 
to 6000. Peak emission of infrared radia- 
tion occurs at a wavelength of 2.3 wp. 


(Quartz Products Corp., Dept. S912) 





ADVANCED 
RADIOACTIVITY 
7S 9-6 Op G—) t—) 

| O- 510} 59-4 NO). > 4 


Baird -Atomic University Series ADVANCED LABORATORY 


PROVIDING COMPLETE SYSTEMS FOR SCINTILLATION, 
PROPORTIONAL and GEIGER COUNTING 





THE ULTIMATE IN SENSITIVITY, RELIABILITY AND SPEED 
FOR RADIOACTIVITY ANALYSES 


The B-A University Series Advanced Laboratory is com- 
pletely new in design and capabilities and is the most 
complete and most versatile radioactivity analysis labora- 
tory available in the field of research today. It is capable 
of performing all types of gas and scintillation counting 
of alpha, beta, gamma and x-rays with ease and precision. 
The University Series Advanced Laboratory is completely 
versatile in that three different detectors can be used with 
the same fundamental system. With these three detectors, 
the laboratory has the capacity to handle the most highly 
specialized radioactivity analysis problems encountered in 
industrial research applications. 

The University Series Advanced Laboratory is also avail- 
able in separate systems for: 


Scintillation Counting, Proportional 
Counting, Geiger Counting 


Add the following accessories to provide complete facilities 
for all researchers: B-A Model 410 Count Rate Meter 
and Geiger Tube, the 1225 Beta Sources, 1230 Gamma 
Sources, LC2 Carrying Case, and the Model 414 Single 
Scale Logarithmic Gun type survey meter. 

See our Atomic Instruments at the Atomic Exposition & 
Nuclear Congress — March 17-21, Chicago, Illinois. 


Baird-Atomic, Inc. 





FEATURES 


1 MICROSECOND RESOLVING 
TIME 


BUILT-IN AMPLIFIER WITH 
SENSITIVITY OF 1 MV 


SEPARATE SUPER-STABLE 
HV POWER SUPPLY 
(5000 V. optional) 


ELECTRONIC TIMER 


6-DECADE COUNTING CAPACITY, 
ALL ELECTRONIC 


PREMIUM COMPONENTS 
FOR RELIABILITY 





33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 


Jnetruumnentation far Retfter WPralysis 
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™ ELECTRONIC INTEGRATOR accepts analog 
voltage signals, digitizes them by a het- 
erodyne technique, and integrates the 
area under the signal curve by counting 
at the rate of 10,000 counts per second, 
The integral can be the total area under 
the curve, the area above a preselected 
signal level, or the area under the curve 
between selected limits. Both the integral 
and the elapsed time are displayed digi- 
tally. (Allegany Instrument Co., Inc, 
Dept. S897) 


MSCALER RATEMETER features a_ wide 
choice of slide-out plug-in sections that 
allow the instrument to be assembled to 
fit specific needs. Maintenance requires 
only replacement of faulty units with 
quickly available modular units. Units 
include amplifiers for various inputs, 
binary and decade scales, electrome- 
chanical registers, timers, power sup- 
plies, ratemeter, chassis, and cabinets. 
(Nucleonic Corporation of America, 
Dept. S899) 

™ RECORDER provides up to 8 full-scale, 
11-inch traces with +1 percent accuracy 
and transient response up to 3000 cy/sec. 
The record is made on electrosensitive 
paper which passes between a metal 
plate and a rotating cylinder carrying a 
number of helical electrodes, Pulses are 
applied to the helix at the moment its 
position with respect to the paper is 
correct for the signal magnitude being 
recorded. Paper motion provides the 
other coordinate. Calibration marks are 
recorded simultaneously with input sig- 
nals. Time markers are provided at 1-, 
0.1- or 0.0167-sec intervals. Individual 
channel traces may be coded for iden- 
tification by varying the width and dark- 
ness of traces. (Consolidated Avionics 
Corp., Dept. S900) 


"TIME COUNTERS are designed to count 
at rates specifically matched to the rate 
of heating specified by particular ASTM 
tests. The counters therefore indicate at 
all times the temperature which should 
exist in the conduct of the test. The 
task of maintaining the prescribed con- 
stant rate of increase of temperature 
thereby reduces to equating the tem- 
perature reading to the indicated count. 
(Apex Scientific Co., Dept. S902) 


™@ TISSUE HOMOGENIZERS operate hydrau- 
lically to permit controlled release of 
cellular components from various tissues. 
Complete disruption of nuclei can also 
be accomplished. Tissue fragments, sus- 
pended in buffer, are introduced into the 
cylinder of the device and are ejected at 
high velocity through an orifice by a pis- 
ton. The orifice opening can be varied. 
(Microchemical Specialties Co., Dept. 
$903 ) 

JosHua STERN 
National Bureau of Standards 


SCIENCE, VOL. 127 











, 


Pe ee eT 











alog 
het- 

the 
iting 
ond. 
nder 
cted 
urve 
egral 
digi- 
Inc., 


wide 

that 
ed to 
juires 

with 
Units 
puts, 
ome- 

sup- 
inets. 
erica, 


scale, 
uracy 
y /sec. 
isitive 
metal 
ying a 
es are 
nt its 
per is 
being 
s the 
ks are 
it sig- 
at 1-, 
vidual 
- iden- 
| dark- 


vionics 


» count 
1e rate 
ASTM 
cate at 
should 
t. The 
d con- 
erature 
e tem- 
count. 


) 


ry drau- 
ease of 
tissues. 
an also 
ts, SUS- 
into the 
scted at 
y a pis- 
varied. 


, Dept. 


. STERN 


VOL. 127 











COLLEGE i 
PHYSICAL SCIENCES he: 


by WENDELL SLABAUGH, ’ 
Oregon State College, and ALFRED B. Ess 
BUTLER, State College of Washington t 


This new text features an unusually complete inte- 
gration of the four basic areas of physical science. ‘ 
This integration is based upon the successive treat- 
ment of mechanical, electrical, chemical, heat and x 
nuclear energy, followed by an immediate applica- 

tion of the fundamentals of these forms of energy to ¥ 
geology, astronomy, meteorology and other areas in 
physical science. A firm understanding of the basic 
principles and methods which have the greatest im- 
portance to the student is provided and accordingly @ 
there is a maximum of correlation throughout of the # 
various areas of physical science, The problems are 
thought provoking and entice the student to consider #§ 
other, original, applications of the principle. 


576 pp. @ Pub. March, 1958 e@ Text price $7.95 % 


To receive approval copy promptly, 
write: Box 903 


PRENTICE-HALL, Inc. x 


Englewood Cliffs, New Jersey 
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Specify 


of microbiological reagents and media 


. the only complete line 


Culture Media 
Microbiological Assay Media 
Tissue Culture and Virus Media 

Serological Reagents Antisera 
Diagnostic Reagents 
Sensitivity Disks Unidisks 
Peptones Amino Acids 
Enzymes Dyes 


Hydrolysates 
Enrichments 
Carbohydrates 


Indicators 
Biochemicals 
o 
60 years’ experience 
in the preparation of Difco products assures 
UNIFORMITY STABILITY ECONOMY 
e 


Complete Stocks Fast Service 24-hour Shipment 


Difco Manual and other descriptive 
literature available on request 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 


















































From the new Sigma Reagent Catalog, we offer AMINO ACIDS 


This is one of a series of advertisements which will cover the 
entire catalog. A complete copy is available on request. Other 
package sizes shown in complete catalog. 


N-ACETYL-DL-ALANINE (pfs) 
N-ACETYL-DL-LEUCINE (pfs) 
N-ACETYL-DL-METHIONINE (pfs) 
N-ACETYL-DL-TRYPTOPHANE (pfs) 
N-ACETYL-DL-VALINE (pfs) 
B-ALANINE (pfs) 
DL-ALANINE (pfs) 
L-ALANINE, Sigma Grade (pfs) 
D-ALANINE, Sigma Grade (pfs) 
DL-a-AMINO BUTYRIC ACID (pfs) 
a-AMINO ISOBUTYRIC ACID (pfs) 
§-AMINO LEVULINIC ACID (pfs) 
L-ARGININE HCl, Sigma Grade (pfs) 
DL-ASPARTIC ACID (pfs) 
L-ASPARTIC ACID, Sigma Grade (pfs) 
L-CYSTEINE HCl hydrate (pfs) 
DL-B-(3,4-DIHYDROXYPHENYL ALANINE) 
(DOPA) (pfs) 
L-B- (3.4 DIHYDROXYPHENYL ALANINE) 


100 grams 8.90 
100 grams 8.90 
100 grams 2.25 
100 grams 29.00 
100 grams 9.75 
100 grams 2.10 
100 grams 3.40 

25 grams 27.50 

25 grams 47.00 

25 grams 1.95 
100 grams 7.75 
100 mg 17.50 
100 grams 13.50 
100 grams 4,00 

25 grams 8.50 
100 grams 7.00 


25 grams 13.75 


pfs l gram 7.90 
b-p- (3,4-DIHYDROXYPHENYL ALANINE) (DOPA) 
. (pfs) (When available) l gram 9.50 
3,5-DIIODO-L-THYRONINE (pfs) 500 mg 14.00 


3,5-DIIODO-L-TYROSINE, Sigma Grade (pfs) 
3,5-DINITRO-L-TYROSINE (pfs) 
DL-ETHIONINE (pfs) 

L-ETHIONINE, Sigma Grade (pfs) 
D-ETHIONINE, Sigma Grade (pfs) 
L-GLUTAMIC ACID (pfs) 

GLYCINE (Aminoacetic Acid) (pfs) 
GLYCYL-GLYCINE or HCI 


25 grams 2.65 
5 grams 12.50 
100 grams 11.50 
l gram 4.70 

l gram 4.70 
500 grams 5.25 
500 grams 4,00 
10 grams 4.50 


L-ISOLEUCINE (with D-Allo) Microbiological 


Assay 47-53% (pfs) 100 grams 12.90 


L-ISOLEUCINE (Allo-free), Sigma Grade (pfs) 5 grams 7.00 
D-ISOLEUCINE (pfs) When available 500 mg 12.00 
DL-KYNURENINE Sulfate (pfs) l gram 14.00 


DL-LEUCINE (pfs) 

L-LEUCINE (pfs) 

DL-LYSINE HCI (pfs) 

L-LYSINE HCI (pfs) 

DL-METHIONINE (NF) (pfs) 
D-METHIONINE, Sigma Grade (pfs) 
L-METHIONINE, Sigma Grade (pfs) 
DL-PHENYLALANINE (pfs) 
D-PHENYLALANINE, Sigma Grade (pfs) 
L-PHENYLALANINE, Sigma Grade (pfs) 
DL-PROLINE, Sigma Grade (pfs) 
L-PROLINE, Sigma Grade (pfs) 
DL-SERINE (pfs) 


100 grams 5.40 
100 grams 4.95 
100 grams 10.00 
100 grams 8.50 
500 grams 8.50 
5S grams 5.70 
25 grams 11.00 
100 grams 11.00 
5 grams 11.50 
10 grams 10.00 
5 grams 15.75 
25 grams 14.00 
100 grams 12.50 


D-SERINE, Sigma Grade (pfs) l gram 7.95 
L-SERINE, Sigma Grade (pfs) l gram 5.75 
SARCOSINE HCI, Sigma Grade (pfs) 25 grams 12.50 
THREONINE (pfs) Inquire 
L-THREONINE (pfs) 5 grams 15.00 


DL-TRYPTOPHANE (pfs) 
L-TyROSINE (pfs) 
DL-TYROSINE (pfs) 
DL-VALINE (pfs) 

L-VALINE, Sigma Grade (pfs) 
D-VALINE, Sigma Grade (pfs) 


TELEPHONECOLLECT from anywhere in the world 


Day, Station to Station PRospect 1-5750 


Night, Person to Person Dan Broida— 
WY down 3-6418 


25 grams 7.10 
100 grams 3.30 
100 grams 5.75 
100 grams 6.00 

5 grams 10.00 
5 grams 10.50 


© SIGMA CHEMICAL COMPANY 


3500 DeKalb Street 


St. Louis 18, Mo., U.S.A. 
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ALCOHOLISM: 


Basic Aspects and 
Treatment 1957 


Editor: Harold E. Himwich, 
Galesburg State Research 
Hospital 


Introduction: Chauncey D. Leake, 
Ohio State University 


6 x 9, 220 pp., 33 illus., 
references, index, cloth 


Price $5.75 AAAS members 
prepaid order price $5.00 


A symposium held under the 
auspices of the American As- 
sociation for the Advance- 
ment of Science in coopera- 
tion with the American 
Psychiatric Association and 
the American Physiological 
Society and presented at the 
Atlanta Meeting, December 
1955. 


From the Reviews: 


Merrill Moore in Psycho- 
somatic Medicine: “This book 
is the latest and one of the 
most authoritative documents 
on this subject to be pub- 
lished. It is completely up-to- 
date and includes all the re- 
cently discovered methods in 
the basic aspects and treat- 
ment of alcoholism .. . The 
book is well organized and 
written in such a way that 
anyone with a background in 
general science and the hu- 
manities can understand it.” 


Journal of the American 
Medical Association: “It is 
an encouraging report, the 
first of several planned, using 
a sound multidisciplinary ap- 
proach. It should be of great 
value to all who are interested 
in either the research or clini- 
cal aspects of this disease.” 


American Association for the 
Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 
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CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week) 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science. 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$26.00 per inch 
24.00 per inch 














iii POSITIONS WANTED lif 


Botanist, woman, Ph.D., experienced teacher; 
prefers liberal arts collages cd = September 
1958 or 1959. Box 32, SCIE E. 








Industrial Biochemist, Ph.D., 22 years experi- 
ence. Age 43. Seeking academic position in 
medical institution as means of supporting — 
while studying for M.D. degree. Box 25, SCI- 
ENCE. 2/14 





Librarian, master’s degree and 5 years’ experi- 
ence in technical library work. Reads French, 
German, Spanish, Italian; mastering Russian. 
Prefer Southwest or West. Box 35, SCIENCE. 

x 





Physiologist. Ph.D., M.D., 38, professor of phys- 
iology at prominent midwestern university. Num- 
erous publications in cardiovascular physiology. 
Desires position preferably but not necessarily 
academic on East or West Coast. Box 34, 


SCIENCE 2 





Physiologist, Ph.D.; 8 years’ teaching experi- 
ence; now completing project involv: ng respira- 
tory problems; particularly interested in teaching 
appointment with authority to direct program or 
research involving pulmonary physiology. Medi- 
cal Bureau, Burneice Larson, Director, 900 N. 
Michigan Avenue, Chicago, Illinois. 





Virologist-Tissue Culturist, Ph.D., 34, experi- 
ence and publications. Desires unive rsity appoint- 
ment or industrial position offering intellectual 
challenge. Box 33, SCIENCE. xX 





Virologist, Ph.D.; 32. Experience in all phases 

of virology and tissue culture. Were ye in in- 

dustry. Desires change. Box 29, SCIENCE. 
2/14 


iii POStTIONS OPEN iil 


Biochemist, male, Ph.D. or M.A. Experience 
preferred, to head group engaged in industrial 
research on preparation, isolation, and charac- 
terization of enzymes involved in biosynthesis. 
Present opening result of expansion in this field. 
Location, New York City. Box 30, a 
2/14, 


Botanist, male, Ph.D. Broad training with com- 
petence in taxonomy and morphology. Field’ of 
research unrestricted. 

Geneticist, male, Ph.D. Plant, animal, or micro- 
bial. Permanent university positions with grad- 
nate and undergraduate teaching and research. 
Box 8, SCIENCE. 1/31; 2/7, 14 














Man or Woman with extensive training and 
working experience in histologic techniques to 
direct and supervise activities of three to four 
assistants in microtechnique service laboratory. 
Salary commensurate with qualifications. Reply 
to Director, Christ Hospital Institute of Medi- 
cal Research, 2139 Auburn Avenue, Cincinnati 
19, Ohio. 2/21 





Research Assistants with either the master of 
arts degree or equivalent experience for interest- 
ing work in isotope, biology, biochemistry, or 
clinical laboratories doing cancer research. Grad- 
uate instruction available depending upon quali- 
fications. Please submit credentials to Personnel 
Manager, The University of Texas, M. D. An- 
derson Hospital & Tumor Institute, Texas Med- 
ical Center, Houston, Texas. 2/21 








iil POSITIONS OPEN iil 


(a) Director, Organic Chemical Research and 
(b) Director, Biological Research; outstanding 
opportunity for young, imaginative Ph.D.’s in 
expanding research staff ; departments now small, 
excellent growth potential in well-known mid- 
western concern. (c) Research Chemist; M.S. 
able work semi- independently, assume supervis- 
ory responsibilities; participate extensive re- 
search program, biosynthesis of nucleic acid and 
protein; university affiliated hospital; $4200- 
$7000; Southwest. (d) Research Biochemist; 
Ph.D. trained chromatography, steroid chemistry 
for cancer research; outstanding eastern hospital, 
medical school affiliated. (e) Virologist; B.S. 
M.S. microbiology, experienced tissue culture, 
chicken embryo inoculations; basic problem in- 
volves virus infection, immunology ; minimum 
$5700; noted eastern concern. (f) Biochemist; 

S., Ph.D. to head department, 175-bed gen- 
eral hospital; laboratory performs 125,000 an- 
nual tests; excellent equipment, facilities, staff; 
Midwest. Woodward Medical Bureau, Ann 
Woodward, Director, 185 North Wabash, Chi- 
cago. X 








Graduate Assistantships in Biochemistry for 
support of M.S. and Ph.D. a $2100 
annually plus tuition. Write D. Johnstone, 
Department of Agricultural date Uni- 
versity of Vermont, Burlington, Vermont. 2/14 


GRADUATE RESEARCH 
SCHOLARSHIPS 

Department of Biology, McMaster University 

Applications for graduate research scholar- 
ships are invited from qualified students wishing 
to work towards the M.Sc. and Ph.D. degrees. 
The minimum annual stipend for a 12-month 
period is $1500. 

Research in progress: Ecology and physiology 
of aquatic and bloodsucking insects; population 
dynamics of grasshoppers (D. M. Davies). For- 
mation of lake bottom sediments ; sensory physi- 
ology in fish (H. Kleerekoper). Viruses in wild 
plants ; cytological studies (W. D. Mac- 
Clement). Physiology of yeast sporulation ; ecol- 
ogy of soil microflora (J. Miller), Experi- 
mental embryogeny ; anit terrain organiza- 
tion; palaeobotany and developmental morphol- 
ogy; applied palaeobotany and palynology (N. 
W. Radforth). 

Applications should be sent before 15 March 
1958, accompanied by university transcript and 
letters of recommendation from two professors 
to Dr. H. Kleerekoper, Chairman, Department 
of Biology, Hamilton College, McMaster Uni- 
versity, Hamilton, Ontario, Canada. 2/7, 14 











Medical Technologist 
(Male and Female) 


College graduate with experience or train- 
ing in the control of serological and blood 
coagulation products. Modern laboratory. 
Good starting salary. Employee benefits. 
371/-hour week. Send résumé to 


Employrnent Manager 


Ortho Pharmaceutical Corp. 
Route 202 Raritan, N.). 














NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation ever 
prepared for American scientists, teachers, and 
librarians to subsidize their education and re- 
search in more than 350 universities in 45 states, 
30 foreign lands. Stipends $200-$10,000. Com- 
plete Go Just published. Send A now. 
CRUSA , Sci., Box 99, Station G, Brooklyn 
22, N.Y. eow 





(a) Obstetrician-Gynecologist and Pediatrician, 
Dipolomates or eligible ; full-time academic posts; 
research program; West. (b) Physician with 
academic and research background; important 
administrative opportunity ; East. (c) Chemist 
well qualified in clinical biochemistry, Ph.D.; 

association, group of Board pathologists ; univer- 
sity city; Midwest. (d) Biochemist, preferably 
recently graduated Ph.D, interested in mucopoly- 
saccharides and mucoproteins ;, association, uni- 
versity group studying fastric uice; opportunity 
faculty, post; West. (e) ried hemists, one with 
master’s degree, other eg bachelor’s degree; 
full-time research, genetics department, univer- 
sity medical school; qualified persons may pur- 
sue graduate studies and complete requirements 
for Ph.D. or M.A.; West. S2-2 Medical Bureau, 
Burneice Larson, Director, 900 North Michigan 
Avenue. Chicago. x 
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Hii POSITIONS OPEN |iiiill 


pee hf TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in paca states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ os 
and vacancies listed free. 1 issue, $1.00. Year aod 
(12. issues) membership, $5.00. CR USaD 

SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 








Plant Nematologist for laboratory and field re- 
search on experimental chemicals. Planning 
responsibilities at senior level with supervision 
of technical personnel. Requirements: Ph.D. in 
nematology or in allied field with extensive 
courses in nematology, or equivalent practical 
experience. Agronomy background desirable. 
Salary commensurate with experience. All re- 
plies will be held confidential. Please submit 
brief résumé to S. S. Ristich, Olin Mathieson 
Chemical Corporation, Box 297, Port Jefferson 
Station, New York. 2/14, 21 





Research Associate. Collaborate with investiga- 
tors, experimental research in immunologic as- 
pects of cancer. Include details of experience, 
references. Write Dr. I. Davidsohn, Mount 
Sinai Medical Research Foundation, Bh West 
15th Street, Chicago, Illinois. 2/7, 14, 21 


The Market Place 


BOOKS ¢ SERVICES + SUPPLIES + EQUIPMENT 











DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 


Single insertion 
13 times in 1 year 
26 times in 1 year 


$26.00 per inch 
24.00 per inch 
23.00 per inch 


52 times in 1 year 22.00 per inch 
For PROOFS on To ds, copy pe 
reach SCIENCE eoks ‘be before 


of issue (Friday ~'y every week). 
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ALBINO RATS 


SWISS MICE 


Price lists on request 


DAN ROLFSMEYER CO. 
h. ALpine 6-6149 
Route 3, Syene Road, Madison, Wisconsin 

















LOVINS MICRO-SLIDE FIELD FINDER 


Now available ——. from 
the manufacturer . . 





LOVING MICROSLIDE 
H PIELD FinDER 
NO. 201080180 





omvey * 
W. eb. 8. 6URLEY 
areweert 
‘TROY. YoU. BA 





Ask for Bull, LMS, W. & L. E. Gurley, Troy, N.Y. 
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Supervising Hospital Biochemist for a clinical 
chemistry laboratory of a large university hos- 
pital affiliated with a medical college ; also teach- 
ing opportunity. Broad experience is required. 
Salary range up to $7830. Liberal personnel 
policies. Please address communication indicat- 
ing your background and experience to the Ad- 
ministrator, H. N. Hooper, Cincinnati General 
Hospital, 3231 Burnet Avenue, Cincinnati 29, 

hio. 2/21, 28; 3/7 








Traineeships in 
Clinical Chemistry 


Automation and Micromethods will 
form part of a 2-year on-the-job Training 
Course in Clinical Chemistry Research. 
Preparation for position as chief chemisf 
in hospital laboratories and for certifica- 
tion by American Board of Clinical Chem- 
istry. Lecture series on electrophoresis, 
instrumentation, microbioassay of vita- 
mins, toxicology, radioactive tracers and 
pathology. Liberal stipend. Applicants 
with doctorate degree write to Dr. Harry 
Sobotka, Director, Department of Chem- 
istry, Mount Sinai Hospital, New York 29, 
N.Y. 
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SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
————_—_———-_ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 











THE SCIENTIFIC MONTHLY 


October 1915-December 1957 
Available Issues 


$0.75 per copy + $7.50 per year 


SPECIAL OFFER 


10 copies of one issue .. $ 6.00 
50 copies of one issue .. $25.00 


Postage included in all prices 


AAAS 


1515 Mass. Ave. NW, Washington 5, D.C. 
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2 
—, RS FOSTER, D.V.M. 
dent and Director 
THE ‘CHARLES RIVER BREEDING LABS. 
. Box P, Brookline 46, Mas: 














Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
a files you are willing to sell at high mar- 

t prices. Write Dept. ass, CANN ot ne. 
Boston 20, Massachusetts 


(lll PROFESSIONAL SERVICES [jl] 


Semmes 
§ TOXICITY TESTS 
= & . following FDA procedures, for 


mnsti™ Chemicals, foods, drugs, cosmetics, 
zd _ pesticides, additives. Biological assays. 
— pee. woe ation 19 and develop- 
vi © obligation for estimates. 
Call or write Arthur D. Herrick, Director. 
NEW DRUG INSTITUTE 


130 East 59 St., New York 22 © Mu 8-0640 


TO AUTHORS 


seeking a publisher 


Learn how we can publish, promote and distribute your 
book on a professional, dignified basis. All subjects con- 
sidered. Scholarly and scientific works a specialty. Mang 
successes, one a best seller. Write for booklet SC—its free. 
VANTAGE PRESS Inc. @ 120 W. 31 St., N.Y. 1 
In fag 6253 Hollywood Blud., Hollywood 28 
In Wash., D.C.: 1010 Vermont Ave. . NW 
Midwest Office: 220 S. Mich. Ave., Chicago, lil. 




































LaWall & Harrisson 


Biv. S, 1821 Walnut St., Philadelphia 3, Pa. 








BACTERIOLOGICAL 
CHEMICAL 


Pharmacologica 








Histology 
for 
Industry and Research 
George L. Rozsa, M.D. 


143 Linwood Ave. Buffalo 9, New York 
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BACTERIOLOGICAL AND _ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 

















Rte 4, Box 205 








HoLtTzMAn ComMPANy 


The exceptional docility of our rats is evidenced first in the ease in which they can 
be handled. Most important though is the group uniformity of this characteristic. 
Thus, because of their docility, our rats can often be used to better advantage in re- 
search in which growth or internal organic changes are factors under observation. 


Madison, Wisc. 


Phone ALpine 6-5573 
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will be 
shipped... 
THAT 
QUICK! 





When it's a question of time... 
and it usually is... you can always rely upon 
NUTRITIONAL BIOCHEMICALS CORPORATION, 
Most orders are shipped the same day that they 
are received. 


@ OVER 200 AMINO ACIDS 
@ OVER 75 PEPTIDES 


@ MISCELLANEOUS 
BIOCHEMICALS 


@ OVER 200 NUCLECOPROTEINS, 
PURINES, PYRIMIDINES 
@ STEROID HORMONES 
@ BIOLOGICAL SALT 















@ VITAMINS MIXTURES 
@ ENZYMES @ BIOLOGICAL TEST 
@ GROWTH FACTORS MATERIALS 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 
21010 Miles Avenue... Cleveland 28, Ohio 






Write For 

New Catalo 
October 195, 
Over 1700 Items 
Write Dept. 102 
















A BRILLIANT STUDY of one 
of the most profound mys- 
teries of science, written 
with authority and lucidity. 
Not since Oparin’s famous 
work has such an important 
book been published about 
the beginnings of life on 
this planet. 






The 


by J. H. 
RUSH 


DOUBLEDAY 


Dawn 
of Life 


With many maps 
and diagrams. $4.50 
At all booksellers. 





THE SPECIES PROBLEM 1. sieosim vouune no. 5 


Edited by Ernst Mayr, Harvard University 
6 x 9 in., 404 pp., references, index, clothbound, October 1957 
Price $8.75; special cash order price for AAAS members $7.50 


The symposium was cosponsored by the AAAS Section on Botany, the 
American Society of Parasitologists and the Society of Systematic Zoology. 
Most papers are published essentially as given in Atlanta in December 
1955. Dr. T. M. Sonneborn, however, undertook a comprehensive survey 
of the species problem in the protozoans and particularly in the ciliates. 
His masterly synthesis comprising more than two-fifth of, the volume is a 


fundamental contribution to the protozoan literature. 


This symposium made a solid contribution toward the solution of the 
species problem. It broadened the base on which to discuss the problem 
by utilizing new organisms. It led to a clarification of the areas of general 
agreement among biologists. It presented a clear statement of the various 
species concepts and frankly stated and enumerated difficulties in their 
application to different types of natural populations. Finally, it illumi- 
nated certain aspects of the ageless species problem that had been 
neglected previously, and it attempted a statement of still controversial 
issues. From these papers it should be evident that the species problem is 
still one of the important issues in biology. 





CONTENTS 


Species Concepts and Definitions 
Ernst Mayr, Harvard University 


The Species as a Field for Gene Recombination 
Hampton L. Carson, Washington University 


The Plant Species in Theory and Practice 
Verne Grant, Rancho Santa Ana Botanic Garden 
and Claremont Graduate School 


The Species Problem in Freshwater Animals 
John Langdon Brooks, Yale University 


The Species Problem with Fossil Animals 
John Imbrie, Columbia University 


Breeding Systems, Reproductive Methods, and Species Prob- 
lems in Protozoa 
T. M. Sonneborn, Indiana University 


An Embryologist’s View of the Species Concept 
John A. Moore, Barnard College and 
Columbia University 


The Species Problem from the Viewpoint of a Physiologist 
C. Ladd Prosser, University of Illinois 


Difficulties and Importance of Biological Species 
Ernst Mayr, Harvard University 
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New Precision and Compactness 
in Pressure Pickups 


SANBORN Series 267, 467 Pressure Transducers 


Sanborn physiological pressure transducers pro- 
vide the valuable combination of highly accurate 
performance and extreme convenience of use. 
Frequency response depends on physical dimen- 
sions of tubing and needle or catheter. Typical 
performance: with a #18 or larger needle and a 
direct writing Sanborn recorder, 100 cps flat 
response is attainable, or 300 cps with a high 
natural frequency oscilloscope or optical record- 
er. Sensitivity, with Sanborn Carrier Amplifier 
and Recorder, is 1 cm deflection/mm Hg; nom- 
inal working range is —100 to +400 mm Hg. 

Two basic series are available: single-ended 
—to measure the pressure under study with 
respect to atmospheric pressure, and differential 
—to measure the difference between two applied 
pressures (liquid, gas or one of each). Within 
the two series, four models provide a type for 
use with each Sanborn recording system. Models 
267A and 267B are designed for use with “150” 


SANBORN 


systems equipped with Model 1100 or 3000 
Carrier Preamplifiers; Models 467A and 467B 
are for use with other Sanborn one-channel, 
Twin-Viso and Poly - Viso systems (with Strain 
Gage Amplifiers). 

Sanborn physiological pressure transducers 
are encased in durable Monel, and are resistant 
to corrosion by normal saline, alcohol or other 
solutions used in physiological measurement or 
chemical sterilization. Connections are standard 
luer female fittings that accept standard lock or 
sleeve fittings, from catheter, needle or valve. 
Small size (body measures 1s" x 112" x 1"), 
permits simple, easy mounting on a ring stand 
clamp or similar device close to the subject. 


Descriptive data, typical uses and prices of Sanborn 
pressure transducers, and many other Sanborn instru- 
ments for measurement, recording and monitoring of 
biophysical phenomena, may be found in the new catalog 
of Sanborn Instruments for Biophysical Research. Write 
for your copy. 


COMPANY 


medical division—175 WYMAN STREET, WALTHAM 54, MASS. 








Multi-exposure shot showing PERMANENT” mounted prism being 
crashed into a piece of wood. Bond was not affected in any way. Your AO 
Sales Representative will perform this demonstration right before your eyes. 


YOU CAN PAY MORE 
BUT YOU CAN’T BUY BETTER 


AMERICAN-MADE AO SPENCER CYCLOPTIC 
STEREOSCOPIC MICROSCOPES START 


AT ALOW $189.00" 


This stroboscopic photograph shows the amaz- 
ing holding power of the specially developed 
“PERMANENT” bonding agent used to 
mount prisms in the new AO Spencer Cyclop- 
tic Stereoscopic Microscopes. 


This method of prism mounting means you 
can put your Cycloptic to extreme use...attach- 
ment to a vibrating production machine, rough 
and tumble field trips, even years of student 
handling...and still be assured of positive, per- 


manent prism alignment. 


This careful attention to detail is typical of the 
thoroughness that marked every step of the 
development of this instrument. Enthusiastic 
users tell us we have achieved our goal of top 
quality at a low, low cost. 


The entire AO Spencer Stereoscopic story is 
yours for the asking. Mail coupon below for 
handsome 36 page brochure which gives com- 
plete specifications. 


*Model 56F-1, in quantities of 5 or more 


American Optical 
ey Company 


INSTRUMENT DIVISION, BUFFALO 15. NEW YORK 


SPENCER 


Gentlemen: 
Please send me AO Spencer Cycloptic Brochure $B56-856. 


Name 


Address. 








City Zone. State. 








